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Par t  A of t h e  handbook is divided i n t o  s ix  major s ec t ions  and 
Part B i n t o  four sec t ions .  
can t s ,  ou t l i nes  t h e i r  advantages and disadvantages, states the  purpose of 
Part A and gives a general  desc r ip t ion  of t he  var ious types of s o l i d  lub r i -  
can ts ;  Sect ion I1 contains  a lphabe t i ca l  l i s ts  of manufacturers and products,  
s o l i d  lub r i can t  c l a s s i f i c a t i o n ,  spec i f i ca t ions  materials, "LOX" and f u e l  
compat ib i l i ty ,  and usage t a b l e s  f o r  s e l ec t ed  bonded s o l i d  lub r i can t s  and 
composite materials; Section I11 contains  da t a  shee ts  which g ive  chemical 
and physical  p roper t ies  of s e l ec t ed  lubr icants ;  Section I V  includes da t a  
shee ts  l i s t i n g  manufacturer supplied test and app l i ca t ion  da ta ;  Section V 
covers laboratory tes t  da t a  obtained a t  MRI on se l ec t ed  s o l i d  f i lm  lub r i can t s ,  
gear test da ta  and composite materials; Section V I  containing th ree  appendices, 
one a glossary of terms, the  second containing excerpts  of s o l i d  lubr icant  
spec i f i ca t ions ,  and the  t h i r d ,  desc r ip t ion  of test  apparatus and procedures 
used i n  laboratory evaluat ion of s o l i d  lubr icants .  

Sect ion I, introduct ion,def ines  s o l i d  lub r i -  

The four  sec t ions  of P a r t  B are Section I , in t roduct ion ,  which 
states t h e  purpose of P a r t  B, g ives  in s t ruc t ions  f o r  use of the handbook, 
presents  indexes of a l l  materials included, and a s e r i e s  of char rs  i l l u s t r a t i n g  
var ious kinds of p o t e n t i a l  appl ica t ion ;  Section I1 includes b r i e f  w r i t t e n  
desc r ip t ion  of m i l i t a r y  spec i f i ca t ions  ; Section II-I contains  da t a  shee ts ,  
l i s t i n g  physical  and chemical proper t ies  of s e l ec t ed  lubr icants ;  and Sec- 
t i o n  I V  containing two appendices, one a glossary of l ub r i ca t ion  terms, and 
the  second a series of summaries of standard t e s t i n g  methods used t o  evaluate  
lub r i ca t ing  o i l s ,  gears ,  and f l u i d s .  

A l l  u n i t s  are given i n  the  S I  System except i n  areas where con- 
fusion exists i n  the  use of the  system. 
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NOTICE 

The inclusion o r  exclusion of any manufacturer's product i n  or  
from t h i s  handbook s h a l l  no t  be construed as e i t h e r  approval o r  disapproval 
of any product or  manufacturer by the U n i t e d .  S ta tes  Government. 

The information contained i n  t h i s  handbook w a s  obtained pr imari ly  
from government r epor t s ,  m i l i t a r y  spec i f i ca t ions ,  qua l i f i ed  products l i s ts  
and suppl ie rs  of commercial lubr icants .  

The handbook w i l l  answer many questions t h a t  confront designers 
and other lubr icant  users ;  however, questions w i l l  arise which a r e  outs ide 
the  scope of the handbook. 
ava i l ab le  lubr icants  a r e  included i n  the  handbook. Obviously , lubr icants  
n o t  given i n  the handbook can be found t h a t  w i l l  s a t i s f y  some of the  same 
appl ica t ions  as those included herein.  
i s  t h a t  i t  a ids  i n  matching a spec i f i c  lubr icant  t o  a p a r t i c u l a r  appl ica t ion .  

In  addi t ion ,  only a s m a l l  percentage of the 

The chief  advantage of t he  handbook 
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A I  - INTRODUCTION 
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Solid f i lm lubr icants  can general ly  be defined as mater ia l s  t h a t  
provides lub r i ca t ion  t o  two r e l a t i v e l y  moving surfaces  under e s s e n t i a l l y  
dry conditions.  The most common, and s t i l l  the  most widely used, of t he  
s o l i d  f i lm lubr icants ,  powdered graphi te  and molybdenum d i su l f ide ,  have been 
known and used l imi ted ly  f o r  more than 100 years.  
and o ther  s o l i d  lubr icants ,  as has also been the  case. 
and greases,  has not  been an exact science but  an  "ar,t 
has developed through many years  of s e rv i ce  experience 
only i n  the  last 20 years  t h a t  they have been recognized and accepted ' to  
any s i g n i f i c a n t  ex ten t  by industry due t o  need'for lubr icants  that would 
m e e t  temperature and o ther  environmental condi t ions beyond the  range of 
conventional f l u i d  and synthe t ic  lubr icants .  

The develppment of these 
id: lubr icants  
ethnology t h a t  
, it has been 

Bonded s o l i d  f i lm  lub r i can t s  i n  which t h e  lub r i ca t ing  s o l i d  f i lm  
i s  at tached t o  the subs t r a t e  by a binder material i s  even more recent  i n  
development than the  powdered s o l i d  films. 
bonded f i lms ,  a la rge  va r i e ty  of binder materials were evaluated including 
such materials as corn syrup, a spha l t  base varnish,  s i l i cone  base varnish,  
and glycerol .  
r e s i n s ,  metals,ceramics and m e t a l  salts. Lubricating s o l i d s  now being in-  
ves t iga ted  and developed include s o f t  metals, m e t a l l i c  oxides, metallic 
s u l f i d e s  and many others .  

I n  the  ea r ly  development of 

Binder materials now include thermoplastic and thermosetting 

The study of s o l i d  lubr icants ,  as they are now known, i s  a rela- 
t i v e l y  new f i e l d  of lubr ica t ion .  
began u n t i l  a considerable t i m e  a f t e r  they w e r e  introduced i n  the  a i r c r a f t  
industry (1940 t o  1950). In  t h e i r  e a r l y  appl ica t ions ,  they w e r e  erronously 
sold as "cure-all" l ub r i can t s  , r e s u l t i n g  i n  misapplications.  Unfortunately, 
these  misappl icat ions frequent ly  outweighed the  proper appl ica t ions ,  thereby 
slowing down the  general  acceptance of these lubr icants  by industry.  There 
are many areas of l ub r i ca t ion  i n  which spec i f i c  types of s o l i d  fi lms can be 
used t o  advantage and the re  are a l s o  areas when they should not  be used, as 
there  i s  a l s o  no s i n g l e  s o l i d  f i lm lubr icant  t h a t  w i l l  m e e t  a l l  requirements. 

N o  systematic study of these mater ia l s  

Many authors have discussed the  appl ica t ions  and l i s t e d  the  var ious 
advantages and disadvantages of s o l i d  f i lm lubr icants ,  some of these  are: 

A. Advantages of Sol id  Lubricants 

1. Do not c o l l e c t  g r i t .  

2. Can be used under extremely high load conditions.  

3. Excellent s torage s t a b i l i t y .  
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4 .  LOX and oxygen compatible ( inorganical ly  bonded f i lms)  . 
5. 

6. 

7. No d i sposa l  problem. 

Sui tab le  f o r  use over wide temperature range. 

Res is tan t  t o  the  e f f e c t s  of nuclear  and gamma radiaeion. 

8. F r i c t i o n  decreases wi th  increase load, 

9. I n  someapplications so l id  fi lms w i l l  provide lub r i ca t ion  
f o r  the l i f e  of t he  pa r t s .  

B. Disadvantages of Sol id  Lubricants 

1. Limited amount of lubr icant  ava i lab le .  

2 .  F r i c t i o n  c o e f f i c i e n t  higher than with hydrodynamic lubricat ion.  

3. Provisions f o r  the e f f ec t ive  removal of wear debr i s  must be 
provided. 

4. Considerations must be given t o  removing heat  from contact  
zone of bearings and gears when using s o l i d  f i lm lubr icants .  

5. More expensive ( cos t ly  re lubr ica t ion)  

6. Avoidance of contamination during coat ing processes and 
assembly of parts lubr ica ted  with s o l i d  f i lm lubr icants .  

7. Elevated temperature cure cycle of some s o l i d  fi lms w i l l  
damage the  mechanical proper t ies  of some mater ia l s .  

The se l ec t ion  of the  proper s o l i d  f i lm lub r i can t  fo r  a p a r t i c u l a r  
appl ica t ion  i s  a complex problem f o r  the  lubr icant  engineer,  involving a 
considerat ion of s p e c i f i c  lubr icant  proper t ies  and operating parameters 
and environment of the  equipment. A lengthy discussion of the  theory of 
lubr ica t ion  by so l idma te r i a l s ,  such as graphi te  and molybdenum d i su l f ide ,  
and o thers ,  i s  beyond t h e  scope of t h i s  handbook. 
handbook i s  intended as a general  a i d  o r  guide t o  the designers of space- 
c r a f t  and ground support equipment i n  se l ec t ion  of s o l i d  f i lm lubr icants  
f o r  s p e c i f i c  appl ica t ions .  This book i s  not  intended t o  supplant other  
publ icat ions o r  expert  opinions on s p e c i f i c  problems, such as corrosion 
protect ion,  LOX, fue l ,  solvent  and o ther  ma te r i a l  compat ibi l i ty .  

The material i n  t h i s  
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Users of t h i s  handbook are urged t o  contac t  the  Materials Divi- 
s ion  of the  Propulsion and Vehicle Engineering Laboratory, Marshall  Space 
F l igh t  Center, f o r  a i d  i n  se l ec t ing  s o l i d  lubr icants  fo r  spec ia l  app l i ca -  
t ions. 

The inc lus ion  o r  exclusion of any manufacturer's pfoduct i n  o r  
from t h i s  handbook s h a l l  not b.e construed as e i t h e r  approval o r  disapproval 
of any product o r  manufacturer by. the  United S ta t e s  Government. 

. *  

- .  The information contained i n  i h i s  .handbook w a s  obtained pr imari ly  
from government r epor t s ,  m i l i t a r y  and f ede ra l  spec i f i ca t ions ,  and from 
da ta  sheets and product l i t e r a t u r e  from suppl ie rs  and manufacturers of s o l i d  
f i lm lubr icants .  Some of the  da ta  are a l s o  based on tests conducted i n  the  
I n s t i t u t e  laboratory.  

This handbook w i l l  answer many of the  problems confronting de- 
s igners  and users  of s o l i d  f i lm lubr icants ;  however, questions w i l l  un- 
doubtedly arise which are outs ide the scope of t h i s  handbook. 
only a representa t ive  port ion of the  numerous s o l i d  f i lm lubr icants  are 
included i n  t h i s  handbook and the re  are, no doubt, o ther  s o l i d  fi lms not 
l i s t e d  which w i l l  s a t i s f y  the  same appl ica t ions  of some of these  l i s t e d  herein. 

I n  addi t ion ,  

C. Description of Sol id  F i l m  Lubricants 

Sol id  f i lm lubr icants  encompass many separa te  and d i s t i n c t  types 
and c l a s ses  of lubr ica t ing  mater ia l s ,  each having somewhat d i f f e r e n t  proper- 
t ies ,  operat ing ranges, method of attachment t o  the  subs t r a t e  material, etc. 
These f i lm lubr icants  could be grouped i n  many ways; one of the  most log i -  
c a l ,  and the  one used here in ,  i s  t o  c l a s s i f y  them according to  the manner 
by which they a r e  a t tached t o  the  subs t r a t e ,  s ince  i n  many cases  similar 
lubr ica t ing  compounds a r e  used i n  more than a s i n g l e  class of s o l i d  f i lms.  

Unbonded Solid Lubricants 

The unbonded s o l i d  f i lms ,  i n  granular o r  powdered form, are the  
s i m p l e s t  types of t he  s o l i d  f i lm lubr icants ,  and, although not physical ly  
o r  chemically a t tached t o  the subs t r a t e  material, they do adhere t o  many 
subs t r a t e  materials by mechanical o r  molecular ac t ion ,  and provide a low 
f r i c t i o n  lubr ica ted  surface.  In  general ,  these f i lm lubr icants  w i l l  have 
lower adhesion, wear- l i fe ,  load carrying capaci ty ,  f l u i d  r e s i s t ance ,  and 
o ther  proper t ies  than the  bonded s o l i d  f i lm lubr icants .  The most common 
of t h e  unbonded lubr icants  are graphi te  and molybdenum d i s u l f i d e ,  although 
o ther  ma te r i a l s ,  such as: Teflon and other  p l a s t i c s ,  t a l c ,  and m e t a l l i c  
salts are used i n  t h i s  form. The temperatures a t  which these lubr icants  
may be used i s  determined by t h e i r  r eac t ion  i n  air;  molybdenum d i s u l f i d e  
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oxidizers  a t  about 399°C (750'F) (molybdenum t r iox ide )  and tends t o  reduce 
i t s  l u b r i c a t i n g  propert ies .  Graphite l o ses  i t s  absorbed water a t  e levated 
temperatures and i s  general ly  n o t  r e c m e n d e d  f o r  temperatures above 538°C 
(1000°F). 
p rope r t i e s  a t  temperatures up t o  568°C (1000°F); however, most unbonded f i l m  
lub r i can t s  are l imited t o  temperatures of 260°C (500°F) o r  lower. 

Some metal l ic  salts a l s o  e x h i b i t  reasonably good l u b r i c a t i n g  

Unbonded s o l i d  f i lm  may be appl ied by several methods depending 
on the  type o r  form in  which it is  applied.  I n  the  dry powder condition, 
it may be appl ied by brushing, dipping, spraying o r  burnishing. I n  a 
f l u i d  suspension o r  c o l l o i d a l  form ( w a t e r  o r  so lven t ) ,  it may be appl ied 
by t h e  brush, d ip ,  o r  spray method, allowing the  nonadhesive carrier t o  
evaporate. I n  ae roso l  containers  (gas carrier, i .e.,  Freon), t h e  powdered 
dry f i lm may be sprayed d i r e c t l y  on the  lubricated surface.  I n  both t h e  
l a t te r  forms the  f l u i d  o r  gas carrier does no t  improve the  adhesion o r  
l ub r i ca t ing  propert ies  of t he  f i lm,  but  only provides a convenient form of 
a p  p 1 i c a t ion. 

Resin-Bonded Solid Lubricants 

Resin-bonded fi lms are cu r ren t ly  the  most widely used s o l i d  lub r i -  
can t .  This group includes both air-cured and heat-cured materials (air- 
cured and heat-cured r e f e r  t o  the  methods used i n  polymerizing the  r e s i n  
binder).  The s o l i d  lubricant  pigments used most f requent ly  i n  resin-bonded 
fi lms are: molybdenum d i s u l f i d e  (MoS2) , tungsten d i s u l f i d e  (WSz), poly- 
te t raf luoroethylcne (PTFE), and graphite.  

The p i p e n t  may be one lub r i ca t ing  s o l i d  o r  a mixture of severa l .  
The funct ion of the  pigment: is t o  provide the  wear reduction and low f r i c -  
t i o n  required f o r  t h e  system being lubricated.  
t he  lub r i ca t ing  pigment t o  the  m e t a l  surface so  t h a t  t he  motion of p a r t s  
does not r e s u l t  i n  t he  complete l o s s  of t h e  pigment from the system. I n  
t h e  formulation of resin-bonded s o l i d  lub r i can t s ,  t he  proper pigment-to- 
binder r a t i o  i s  very important. However, t h e  pignent-to-binder r a t i o  can 
vary widely wi th  the  p a r t i c u l a r  r e s i n  used. 

The binder serves t o  hold 

There are c e r t a i n  f ac to r s  t h a t  can a f f e c t  t h e  o v e r a l l  performance 
of bonded fi lms i n  any given s i t u a t i o n .  One i s  the  condition of t h e  m e t a l  
surfaces  being lubricated.  I n  most cases t h e  surface i s  changed o r  modified 
by some pretreatment t o  obtain optimum fi lm performance. 
involve t h e  va r i ab le s  d i r e c t l y  r e l a t e d  to  the  app l i ca t ion  of t he  f i lm,  such 
as spraying techniques. I n  add i t ion  t o  app l i ca t ion  f a c t o r s ,  environmental 
conditions and the  operat ing c h a r a c t e r i s t i c s  of t he  system being lubricated 
can d r a s t i c a l l y  a f f e c t  the film. These f ac to r s  should be considered i n  any 
f i n a l  s e l e c t i o n  of a bonded s o l i d  lubricant .  

Other f a c t o r s  
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The resin-bonded s o l i d  lubr icants  are general ly  appl ied i n  t h i n  
f i lms t o  t h e  surfaces  of t h e  components being lubricated.  
t he  surfaces  have been pre t rea ted  i n  a manner t h a t  w i l l  depend on the  sub- 
strate being used and the  service f o r  which the  parts are intended, 
resin-bonded s o l i d  lubr icant  f i lms can be appl ied by spray, d ip ,  or brush 
methods. Spray app l i ca t ion  i s  usua l ly  the most s a t i s f ac to ry .  Spray coat-  
ing  thickness should range from 5 x 10-6 t o  2 x 10-5 m. (0.0002 t o  0.0008 in . ) ,  
t he  optimum being about 1.27 x 1015 m. (0.0005 in . ) .  
th ick ,  it w i l l  be s t r u c t u r a l l y  weak and peel  or  f l a k e  of f  with s l i d i n g  
motion under load; on the  other  hand, a f i lm t h a t  i s  too t h i n  may r e s u l t  i n  
premature f a i l u r e  due t o  rupture.  
d i c to ry ,  i t  appears t h a t  f o r  high load a thinner  f i lm (7.6 x lom6 m. (0.0003 
in.)  per  sur face  w i l l  g ive t h e  longest wear- l i fe .  For l i g h t e r  load condi- 
t i ons  the  thickness can be s u b s t a n t i a l l y  increased. However, economics of 
t he  coat ing process (spray t i m e ,  cur ing time, e tc . )  should e n t e r  i n t o  any 
decis ion involving the  use of t h i cke r  f i lms.  A second area t h a t  must be 
considered i f  t h i ck  fi lms a r e  used i s  w e a r  debr i s  generation. 
of wear debr i s  a r e  generated from th i ck  fi lms and some provision must be 
made f o r  the  removal of t h i s  debr i s  from the  bear ing area. 

I n m o s t  cases 

The 

I f  t h e  f i lm i s  too 

Although some test  r e s u l t s  are contra-  

Large amounts 

The wear behavior and wear- l i fe  c h a r a c t e r i s t i c s  of a resin-bonded 
s o l i d  lubr icant  a r e  d i f f e r e n t  from those of most o ther  s o l i d  f i lm lubr icants .  
I n  i t s  i n i t i a l  wear-in, it w i l l  exh ib i t  r e l a t i v e l y  high w e a r  which w i l l  
become less with t i m e .  The i n i t i a l  high wear rate can be a t t r i b u t e d  t o  the  
loss  of loose material from t h e  surface of the f i lm and the compaction of 
the  f i lm by the  applied load. As running continues,  the  f i lm w i l l  appear 
glossy o r  burnished. 
t i on ,  a r e  obtained during t h i s  t i m e .  

The b e s t  perfonnance, lowest wear and s t e a d i e s t  f r i c -  

Bonded dry f i lm lubr icants  can provide long wear- l i fe ,  good 
abrasion r e s i s t ance ,  good adhesion, and good r e s i s t ance  t o  a var i e ty  of 
solvents .  Performance of the  f i lms depends t o  a la rge  ex ten t  on the  cured 
proper t ies  of t he  binders  used. 

Air-Cured R e s  in-Bonded Sol id  Lubricants 

An a i r -cured resin-bonded s o l i d  lubr icant  cons i s t s  of a lub r i ca t ing  
powder, o r  powders, i n  an a i r -cur ing  r e s i n  binder mater ia l .  The lub r i ca t ing  
pigments most f requent ly  used  are molybdenum d i s u l f i d e ,  g raphi te ,  o r  a 
lubr ica t ing  p l a s t i c  such as polytetrafluoroethylene. This type of s o l i d  
f i lm lubr icant  usua l ly  contains a lower t o t a l  s o l i d  content than heat-cured 
f i lm  t o  provide a more s a t i s f a c t o r y  so lu t ion  f o r  aerosol  appl icat ion.  

Binder materials used i n  the  air -drying s o l i d  lubr icants  a re  
thermoplastic r e s ins  such as c e l l u l o s i c s ,  and ac ry l i c s .  These r e s ins  re- 
qui re  no hea t  cure  and therefore  can be used on subs t ra tes  t h a t  cannot be 
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baked. 
solvents.  

They produce a f a i r l y  hard f i lm,  but  do not  have good r e s i s t ance  t o  

Heat-Cured R e s  in-Bonded Sol  i d  Lubricants 

Heat-cured, resin-bonded s o l i d  lubr icants  are the  most widely 
used i n  the  dry f i l m  l ub r i can t  industry.  
lubr ica t ing  pigment and a spec ia l ly  formulated reh in  binder.  
ca t ing  pigment i s  usua l ly  a mixture of approximately 90% molybdenum d i -  
s u l f i d e  and 10% graphi te ,  which seems: t o  give the  b e s t  r e s u l t s  when f r i c -  
t i o n  and wear are considered. 
appears t o  improve the low load performance (lower f r i c t i o n )  of the  MoS2. 
Replacing graphi te  w i t h  antimony t r iox ide  (Sb2O3) produces the  same e f fec t .  
F i h s  are ava i l ab le  t h a t  contain s m a l l  percentages of silver, indium, lead,  
and s o  f o r t h ,  as w e l l  as a mixture of MoS2 and graphi te ,  bu t  the  lubr icant  
coat ings containing only graphi te  and molybdenum d i s u l f i d e  are more r ead i ly  
avai lable .  

The materials cons i s t  of the  
The lubr i -  

The r e l a t i v e l y  s m a l l  concentrat ion of graphi te  

Curing of t he  binders i n  these fi lms w i l l  usual ly  requi re  a bake 
of  approximately 1 hr.  a t  149°C t o  204°C (300°F t o  400'F). S p e c i a l  f i lms 
such as those containing polyimide binders requi re  baking temperatures of 
302OC (575°F) fo r  2 hr .  Because of the baking temperature, care i n  the  
se l ec t ion  of the  m e t a l  subs t r a t e  is required. Temperatures of about 135°C 
(275°F) f o r  1 h r .  can weaken c e r t a i n  aluminum a l loys .  

Binders t h a t  are normally used i n  the  heat-cured s o l i d  lubr icants  
are thermosetting and include alkyds,  phenolics, epoxides, s i l i c o n e s ,  
polyimides, and polyphenylene s u l f i d e  (PPS) . Alkyds are r e l a t i v e l y  inex- 
pensive, cure  a t  low temperatures and are generally easy t o  handle. Phenolics 
have good surface adhesion and are harder than the alkyds, but  requi re  a 
high-temperature cur ing cycle ,  usual ly  149°C t o  204°C (300°F t o  400°F) f o r  
1 hr .  
but are s o f t e r  than phenolics. Modified epoxyphenolics combine the good 
proper t ies  of both mater ia l s .  Si l icones o f f e r  a higher operating tempera- 
t u r e ,  bu t  are s o f t e r  and have only f a i r  adhesion. Normally, they are used 
only fo r  high-temperature service and then only when the b r i t t l e n e s s  of 
t he  s i l icate  type of binder presents  a problem. 

Epoxy r e s ins  have exce l len t  solvent  resistance and very good adhesion, 

The polyimides are r e l a t i v e l y  new i n  the  adhesive f i e ld .  They 
w e r e  o r ig ina l ly  intended as laminating r e s ins  f o r  use with f i b e r  glass 
cloth.  They have a l s o  been used as a w i r e  i n su la t ion  i n  e l e c t r i c  motors 
where high temperature i s  a problem. 
extended the use fu l  range of the resin-bonded lubr icant  f i lms up t o  approxi- 
mately 371°C (700'F). Films containing these materials have been evaluated 
a t  temperatures up t o  538°C (1000°F) i n  vacuum. Such tests have demonstrated 
t h a t  the polyimide r e s ins  do have a l imited l i f e  a t  extreme temperatures. 

The polyimide binder materials have 
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The polyimide bonded sol id- lubricant  f i lms have a l s o  demonstrated t h e i r  
s u p e r i o r i t y  i n  extremely high load app l i ca t ion ,  

There are s e v e r a l  o the r  new binder materials being considered f o r  
use with s o l i d  lub r i can t s .  These materials are similar i n  s t r u c t u r e  t o  the  
polyimides and include t h e  pyrones , PBI (polybenzimidazole) , PBT (polybenzo- 
th i azo le ) ,  and polyphenylene s u l f i d e .  Of these four materials, t he  pyrones 
are very r e s i s t a n t  t o  oxygen and s t rong  ac ids .  

These heat-cured materials are superior  t o  the  air-drying mater-ials, 
and should be used where high load-carrying ab i l5 ty  o r  long l i f e  is  required. 
They are usable over t h e  temperature range of -73°C t o  371°C (-100'F t o  
+700°F). 

The importance of t h e  resin-bonded s o l i d  lub r i can t s  has  grown 
rapidly over t h e  pas t  20 years.  Because of t h i s  r ap id  growth, means of 
con t ro l l i ng  t h e  q u a l i t y  of t he  bonded f i lms w a s  needed. To in su re  t h a t  
q u a l i t y  be maintained, government agencies have prepared s p e c i f i c a t i o n s  
covering the  materials and t h e i r  uses. Typical of these spec i f i ca t ions  are 
MIL-L-8937, MIL-L-23398, and MIL-L-46010. There are a l s o  several custom 
va r i a t ions  ava i l ab le  i n  these heat-cured s o l i d  f i lm  lubricants .  

Inorganic-Bonded Sol id  Film Lubricants 

Inorganic-bonded l u b r i c a t i n g  pigments are usual ly  r e fe r r ed  t o  as 
high-temperature s o l i d  lub r i can t s .  
a t  temperatures from approximately 260°C (500°F) t o  i n  excess of 649°C 
(1200°F). There is  considerable overlap i n  appl icable  temperature ranges 
f o r  t he  various binder materials; however, c e r t a i n  ones operate  very satis- 
f a c t o r i l y  a t  temperatures down t o  149°C (300°F). 
organic-bonded s o l i d  lub r i can t s  are a l o g i c a l  extension t o  the  resin-bonded 
types. 
r e s i s t a n c e  than r e s i n s  and usual ly  employ l u b r i c a t i n g  s o l i d s  which are more 
thermally and oxidat ively s t a b l e  than graphi te  o r  MoS2. Sol id  lub r i can t s  
of t h i s  type usual ly  contain l u b r i c a t i n g  s o l i d s  (pigments) such as lead 
oxide, l ead  s u l f i d e ,  calcium f luo r ide ,  gold, silver, and s o  f o r t h .  There 
are exceptions, however, and a number of t h e  ceramic and salt-based binders 
are used with MoS2 and graphite.  

These materials are intended f o r  use 

The high-temperature in- 

They employ ceramic o r  salt-based binders t o  give g r e a t e r  temperature 

Nonceramic (Si l icate ,  Phosphate) 

The bonding technique f o r  these materials commonly employs water- 
so lub le  si l icates,  phosphates, etc. ,  which produce a hard coat ing t h a t  tends 
t o  be b r i t t l e  when cured (curing is  accomplished by slowly d r iv ing  out t he  
excess w a t e r  by heat ing) .  In  general ,  they can be used a t  temperatures from 
-73°C t o  538°C (-100°F t o  +lOOO°F). Solid lub r i can t s  containing the salt-  
based binders usual ly  contain graphi te ,  MoS2, l ead  s u l f i d e ,  powdered metals, 
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e tc .  
of 6.895 x lo8 N/m2 (100,000 p s i ) .  
ment i s  a prime design considerat ion,  they are n o t  as good as resin-bonded 
f i lms as f a r  as wear- l i fe  and s t rength  are concerned. Two advantages of 
these fi lms over others  are t h a t  (1) they w i l l  not  outgas s i g n i f i c a n t l y  i n  
a vacuum of 10-9 t o r r ,  and (2) they are compatible with l i qu id  oxygen. 
ever ,  there  are disadvantages such as (1) lack of corrosion protect ion,  
and (2) softening of the f i lm i n  the  presence of w a t e r  o r  moisture f o r  ex- 
tended periods of time. 

They can be used i n  extremely high load areas ,  with loads i n  excess 
However, f o r  appl ica t ions  where move- 

Hm- 

Ceramic-Bonded 

The ceramic bonding agents a r e  glasses  r a t h e r  than r e s ins ,  and 
s o f t e n  when heated. 
f o r  the dispersed lubricant .  Their p r inc ipa l  advantage i s  t h e i r  good 
s t rength  a t  e levated temperatures. 
w i th  ceramic binders are graphi te ,  calcium f luor ide  (CaFz), lead oxide, 
and mixture of barium f luor ide  (BaF2) and CaF2. 
are from approximately 260°C (500'F) t o  more than 816°C (1500°F). 

On cooling they s o l i d i f y  and serve as a bonding agent 

The lubr ica t ing  s o l i d s  commonly employed 

Useful temperature ranges 

Although the  ceramic-bonded materials, as a c l a s s ,  do not  perform 
as wel l  ( i . e . ,  have low f r i c t i o n  and wear) as the resin-bonded mater ia l s  
a t  lower (room) temperatures , they generally exceed the resin-bonded f i lms '  
c a p a b i l i t i e s  by a considerable amount (over 10 times) a t  higher temperature 
371°C (700'F). There are exceptions, however, one being when the lubr icants  
are run a t  high speeds which r e s u l t  i n  high temperatures over 371°C (700°F) 
being generated i n  the  contact  zone. 
f i l m s  w i l l  generally outperform the  resinous fi lms. 

In  such cases, the ceramic-bonded 

One problem i n  the  use of ceramic-bonded materials i s  the thermal 
expansion of the cured coating. 
pansion of the  base material. 
are not  the  same or  very s i m i l a r ,  the  coat ing w i l l  be  f ractured and be 
e a s i l y  removed from the subs t ra te .  

This must be matched c lose ly  with the ex- 
I f  the  thermal expansion cha rac t e r i s t i c s  

D. Pretreatment f o r  Solid Films 

Pretreatment of the  subs t r a t e  material  p r i o r  t o  the appl ica t ion  
of any bonded s o l i d  f i lm lubr icant  can grea t ly  a f f e c t  i t s  performance; i n  
most cases,  it improves the wear- l i fe  and other  propert ies  of s o l i d  fi lms 
and, i n  many cases ,  it i s  a prerequis i te  f o r  s a t i s f a c t o r y  adhesion and 
optimum lubr icant  propert ies .  The type of subs t ra te  pretreatment recom- 
mended i s  dependent on severa l  fac tors ;  including the spec i f i c  subs t ra te  
mater ia l ,  the  bonding r e s i n  employed, and the operating environment of the 
f i l m  appl icat ion.  However, i n  general ,  pretreatments of  the subs t r a t e  are 
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grouped i n t o  one of 

g r i t  o r  sand b l a s t i n g  t o  remove d i r t ,  scale and f o r e i g n m a t e r i a l ,  and a 
solvent ,  ac id  o r  o ther  chemical r i n s e  t o  remove any sur face  o i l s .  A clean 
sur face  f r e e  of any o i l  f i lm  i s  e s s e n t i a l  f o r  good bonding and adhesion of 
any adhesive o r  r e s i n  bond. 
r e s i s t ance  and improve r e s i n  bond include phosphating, su l f id ing ,  anodizing, 
chemical, etc. 

Substrate- t reated films t o  improve corrosion 

The chemical pretreatments mentioned above are used pr imari ly  i n  
conjunction wi th  the  resin-bonded s o l i d  lubr icants  t h a t  have curing tem- 
peratures .  below 2 0 4 T  (400OF). 
t h e  inorganic-nonceramic-bonded lubr icants  i f  the  curing temperatures can be 
held below 204°C (400'F). 
inorganic-bonded f i lms are the  vapor o r  g r i t  b l a s t .  
faces  f o r  ceramic-bonded s o l i d  lub r i can t s  is, i n  near ly  a l l  cases, g r i t  b las t ing .  

These same pretreatments can be used wi th  

The most accepted sur face  pretreatments f o r  t he  
Pretreatment of sur-  

E. Application Processes 

The processes by which the  bonded s o l i d  lubr icants  are appl ied 
t o  bearing sur faces  can have considerable  e f f e c t  on the  f i lm  behavior and 
performance. All of t h e  various types of bonded f i lm  ( r e s in ,  inorganic 
nonceramic, and ceramic bonded) can be appl ied by spraying, dipping, o r  
brushing. 

Of the  th ree  common methods, spraying and dipping are most o f t en  
used. 
advantage. 
j u s t  l i k e  spraying pa in t , "  i s  not  cor rec t .  
material and should be t r ea t ed  as such. Applying a s o l i d  lub r i can t  i n  t h e  
sloppy manner o f t en  used i n  spray pa in t ing  w i l l  r e s u l t  i n  a very degraded 
film, the  e n t i r e  p a r t  is  usua l ly  coinpletely immersed 
i n  a lub r i can t  bath. Somet s the  d ip  process w i l l  produce a f i lm  of non- 
unif  o m  thickness.  

However, t he re  c e r t a i n l y  are cases where brushing can be used t o  
The commonly held opinion t h a t  "spraying a dry lub r i can t  is 

A dry lubr icant  is a very spec ia l  

In a dipping process 

Film appl ied by t h e  conventional methods mentioned above have 
f i lm thicknesses g rea t e r  than 2.54 x m. (0.0001 in.) per  surface.  I n  
many spec ia l ized  appl ica t ions ,  such as c lose  tolerance b a l l  bearings,  the  
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aforementioned f i lm  thickness  i s  t o o g r e a t  and can cause in te r fe rence  and 
jamming of t he  bearing wi th  wear debr i s .  For the app l i ca t ion  where t h i n  
fi lms are required because of c lose  to le rances ,  t he  app l i ca t ion  of lubr icants  
by the  spu t t e r ing  technique appears t o  have t h e  most promise. 

Sput ter ing of materials i s  not new; the  process used has been 
i n  use f o r  over 100 years.  However, t he  app l i ca t ion  of s o l i d  lubr icant  
materials t o  sur faces  by the  spu t t e r ing  process is r e l a t i v e l y  new. 

Sput te r ing  i s  general ly  performed i n  an i n e r t  gas atmosphere 
(argon, Xenon, e tc . )  of s eve ra l  microns pressure.  
across  the  e lec t rodes  t o  ion ize  the  i n e r t  gas. The material t o  be sput te red  
i s  the cathode ( t a rge t ) .  The sput te red  ma te r i a l  from.the t a r g e t  is e jec ted  
through the  plasma and depos i t s  on the  p a r t  being coated. 
of spu t t e r ing  i s  thus a process where the pos i t i ve  ions of the  i n e r t  gas,  
which forms a gaseous plasma, are acce lera ted  through an e l ec t ron  f r e e  
region wi th  enough energy t o  knock off o r  s p u t t e r  t he  negat ively charged 
t a r g e t  mater ia l .  
subs t r a t e ,  which i s  placed c lose  t o  t he  t a r g e t  source. 
thicknesses of from 2 x 
appl ied by the  spu t t e r ing  process. 

A p o t e n t i a l  i s  appl ied 

The bas ic  mechanism 

The sput te red  material i s  deposited on the  work piece 
Lubricant f i lm 

m. t o  1 x 10-6 m. (2,000 t o  10,000 A) can be 

The m o s t  f requent ly  used spu t t e r ing  systems a r e  powered by e i t h e r  
DC or  RF power suppl ies .  Sputtered f i lm of MoS2 lubr icant  has been suc- 
ces s fu l ly  appl ied t o  journalbearings,spurgears, b a l l  bear ings,  and many 
other  parts requi r ing  lubr ica t ion .  

Personnel a t  the  NASA-Lewis Research Center have conducted ex- 
tensive s tud ie s  i n  the  a r e a  of sput te red  lubr icants .  Their outstanding 
work i n  t h i s  f i e l d  has r e su l t ed  i n  the  widespread i n t e r e s t  now being shown 
i n  the  spu t t e r ing  process. 

There i s  only one Sputtered lubr icant  f i lm i d e n t i f i e d  by number 
i n  t h i s  document. It is i d e n t i f i e d  as MEL-1 and i s  ava i l ab le  from Midwest 
Research I n s t i t u t e .  The MEL-1 f i lm contains  only molybdenum d i su l f ide .  
However, o ther  mater ia l s  such as CaF2, BaF2, and mixtures of these high 
temperature s o l i d  lubr icants  have been successfu l ly  appl ied by the  spu t t e r ing  
process. 
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A I 1  - INDICES OF MANUFACTURERS AND PRODUCTS 

USAGE ThBLES - SELECTED SOLID LUBRICANTS 
AND COMPOSITES 
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ALPHABETICAL LIST OF SOLID FILM AND 
COMPOSITE LUBRICANT MANUFACTURERS 

Page Nos. 
Sections 

Acheson Colloids Company 
Port  Huron, Michigan 

Allegheny P l a s t i c s ,  Tnc. 
Coraopolis, Pennsylvania 

Bal l  Brothers Research Corporation 
Boulder, Colorado 

The Barden Corporation 
Danbury, Connecticut 

Bel-Ray Company, Inc. 
Farmingdale, New Jersey 

Bemol Corporation 
Newton, Massachusetts 

Cerac, Inc. 
But le r ,  Wisconsin 

Dixon Corporation 
B r i s t o l ,  Rhode Island 

Dow Corning Corporation 
Midland, Michigan 

Drilube Company 
Glenda l e ,  Ca 1 i f  ornia  

D r i  -S 1 ide  , Tnc . 
Fremont, Michigan 

E.  I. du Pont de Wemours and Company, Inc. 
W i I m i  n g ton , D e  1 aw ar e 

Elec t r o  f i l m  Corpora t i o n  
North Hollywood, California  
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Page Nos. 
Sec t ions 

Everlube Corporation 
North Hollywood, Cal i forn ia  

Fel-Pro, Inc.  
Skokie, I l l i n o i s  

General Magnaplate Corporation 
Bel levi l le ,  New Je rsey  

H. A .  Henderson Company 
Los Angeles, Cal i forn ia  

Hohman P la t ing  and Manufacturing, Inc.  
Dayton, Ohio 

Lubeco, Inc. 
Comp ton, Cal i forn ia  

Micros ea1 Corpora t i o n  
Mountain Vew,  Ca l i forn ia  

Midwest Research I n s t i t u t e  
Kansas City,  Missouri  

National Process Indus t r ies  
South Gate, Cal i forn ia  

P h i l l i p s  Petroleum Company 
Ba r t l e  sv i 1 le,  Ok l a  homa 

Poxylube, Inc.  
Indianapol is ,  Indiana 

Product Techniques , Inc . 
Hawthorne, Cal i forn ia  

Pure Carbon Company, Inc.  
S t . Marys , Pennsylvania 

Rogers Corporation 
Rogers, Connecticut 

Sands trom Products Company 
Por t  Byron, I l l i n o i s  
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SOLID LUBRICANT PRODUCT LIST 

Manufacturer and Lubricants 

Acheson Colloids Company 
Release Coating No. 7 
DAG 154 
DAG 244 
DAG 250 
Molydag 254 
Emralon 310 
Emralon 311 
Emralon 312 
Emralon 315 
Emralon 317 
Emralon 319 
Emralon 320 
Emralon 321 
Emralon 327 
Emralon 328 
Emralon 329 
Emralon 330 

Ball Brothers Research Corporation 
VAG KOTE BPS 18.07 
VAC KOTE 21207 

Bel-Ray Company, Inc. 
Molylube AR 
Molylube SR 
Molylube N 
Moly lube Sprayco te 

Cerac, Inc. 
Lubricant Powders 
SP-111 

Daw Corning Corporation 
Molykote 106 
Molykote X-15 
Molykote M-88 
Molykote Spraykote 
Molykote 321 
Molykote 523 
Molykote M-8800 
Molykote 273 
Molykote 557 AII-3 

Page Nos. 
Sect ions 

AIV - AI11 - 
1 1 

1 
1 1 
1 1 
1 1 
1 3 
1 3 
1 3 
1 3 
2 3 
2 2 
2 2 
2 2 
2 2 
2 2 
2 4 
2 4 
2 4 

3 5 
3 5 
3 5 

4 7 
4 7 
4 7 
4 7 
4 7 

5 
5 
6 

7 9 
7 11 
7 11 
7 11 
7 11 
7 10 
7 10 
7 10 
8 11 
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Page Nos. 
Sections 

Manufacturer and Lubricants 

Dm Corning 3400A 
Dow Corning 3402 
Dow Cornig 1-3917 
Dow Corning 1-3943 (AFSL-41) 

Drilube Company 
Drilube 1A 
Drilube 90 
Drilube 207 (A, B ,  & C) 
Drilube 701 (702) 
Drilube 805 
Drilube 831 
Drilube 861 
Drilube 867 
Qri lube  868 
Drilube 869 
Drilube 870 

Dri-Slide,  Inc.  

E lcc t rof i lm Corporation 
Lube-Lok 66-C 
Lube-Lok lOnn 
Lube-Lok 2006 
LuSe-Lok 21Q3 
Lube-Lok 2306 
Lube-Lok 2396 
Lube-Lok 2406 

Lube-Lok 5306 
Lube-Lok 5396 
LiJbri-Bond A 
Luhri-Bond J 
Luhri-Bond M 
Luhri-Rond N 
E 1 tc tro-Mo ly 
Elec tro-Graph 
Lubri-Bond 'IT (AFSL-41) 
Lube-Lok 2696 

Lube-Lok 2606 

LljbP-Lok 4396 

AI11 

8 
8 
8 
8 

9 
9 
9 
9 
9 
9 
9 
10 
10 
10 
10 
10 

11 

13 
13 
13 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 

- AIV 

10 
9 

11 
9 

13 
14 

- 

14 

14 
13 
13 
13 
13 

3.5 

17 
17 

17 

17 
17 
17 
I? 
19 
19 
19 

18 
18 
18 
18 
20 
19 
19 
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Page Nos. 
See t i o n s  

Manufacturer and Lubricants 

Everlube Corporation 
Everlube 620 
Everlube 626 
Everlube 810 & 810M 
Everlube 811 
Everlube 812 
Everlube 823 
Inlox 44 & 88 
Ecoalube 642 
Everlube 967 
Everlox 16, 17, & 18 

Fel-Pro, Inc. 
Fel-Pro C-200 
Fel-Pro C-300 
Fel-Pro C-640 
Fel-Pro 651A 

General Magnaplate Corporation 
Turf r a m  
Magnalube D-4821 
Magnalube D-5261 
Magnalube D-801 
H i -  T- Lube 
Nedox 
Canadizing 

H. A. Henderson Company 
Henderlube 4028 
Henderlube 46211 
Henderlube 413 

Hobman P la t ing  and Manufacturing, Inc. 
Surfkote H108 
Surfkote 359 
Surfkote 360 
Surfkote M-1284 
Surfkote A-1625 
Surfkote LO-1800 
Surfkote M-2036 
Surfkote M-2049 
Surfkote A-2178A 

A I 1 1  

15 
15 
15 
15 
15 
15 
15 
16 
16 
16 
16 

17 
17 

17 
17 

19 
19 
19 
19 
19 
19 
20 
20 

21  
21  
21  
21  

23 
23 
23 
23 
23 
23 
23 
23 
23 
24 

- 

t 7  

AIV 

21  
21  
21 

21  

- 

21 
22 
22 
22 

23 
2 3  
23 
23 
23 

25 
25 
26 
26 
26 
25 
25 
25 

27 
27 
27 
27 

29 
30 
30 
30 
30 
30 
29 
29 
29 
29 
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Manufacturer and Lubricants 

Lubeco, Inc. 
Lubeco 905 
Lubeco 2123 
Lubeco 2023 
Lubeco 2023B 
Lubeco M-390 

Micro seal Corporation 
Microseal 100-1 
Microseal 200-1 
Microseal 300-1 
Microseal 200-23 

Midwest Research I n s t i t u t e  
MEL - 1 
AFSL- 28 
AF SL- 29 
MLR- 2 (50M60434) 
MLF-5 (MSFC 502) 
MLF-9 (MSFC 253) 
MLR-66 

National Process Indus t r i e s  
Vitro -Lube (NP I - 12 20) 
NPI-14 
NP I - 4 25 
NPI-5 
NPI-25-- (MRIONITE) 

PoxyLube, Inc. 
Poxylube 330 
Poxylube 420 
Poxylube 500 
Poxylube 750 

Product Technique, Inc.  
Teclube PT-14 
TPclube PT- 17 
Teclube PT-24 
Teclube PT- 26M 
Molyspray PT- 10 1 
Teclube L-67 

Sandstrom Products Company 
Sandstrom 9A 
Sandstrom 26A 
Sandstrom Hi-T-650 

Page Nos. 
Sect  ions 

AI11 

25 
25 
25 
25 
25 

- 

27 
27 
27 
27 

29 
29 
29 
29 
29 
29 
29 
29 

31 
31 
31 
31 
31 
31 

33 
33 
33 
33 
33 

35 
35 
35 
35 
35 
35 

37 
37 
37 
37 

AIV 

31 
31 
31 

- 

31 

33 
33 
33 
33 
33 

35 
36 
36 
36 
35 
35 
35 
35 

37 
38 
37 
37 
37 
38 

39 
39 
39 
39 
39 

41 
41 
41 
41 
41 
42 
42 

43 
43 
43 
43 
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SOLID LUBRICANT CLASSIFICATION 

Page Nos. 
Sections 

AI11 AIV - -  Lub.ricant Name o r  Code 

I. Unbonded 
DAG 154 
VAC KOTE 21207 
Cerac Powdered Materials 
MoS2 - Molykote Type Z 
MoS2 - Molykote Microsize 
MoS2 - Electro-Moly 
Graphite - Electro-Graph 

11. Organic-Bonded Films 

A. Air-Dry Films 

Emralon 320 
Emralon 321 
Emralon 322 
Emralon 327 
Emralon 328 
Emralon 329 
Molylube AR 
Dow Corning 3402 
Dow Corning 1-3943 
Dow Corning 1-3944 
Molykote 321 
Molykote 523 
Molykote M-8800 
Molykote M-88 
Lubri-Bond M 
Lubri-Bond N 
Lubri-Bond A 
Lubri-Bond HT 
Fel-Pro C-300 
Magnalube D-5261 . 
Surfkote A-2178A 
Surfkote 1625A 
Polylube 420 
Techlube PT-26M 
Sandstrom 26A 

1 1 
3 5 
5 

14 18 
14 18 

2 2 
2 2 
2 2 
2 2 
2 4 
2 4 
4 7 
8 9 
8 9 

9 
7 10 
7 10 
7 10 
7 11 

14 18 
14 18 
14 19 
14 20 
17 23 
19 26 
24 29 
23 30 
33 39 
35 41 
37 43 
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Page Nos. 

Lubricant Name o r  Code 

B. Heat-Cured Film 

DAG 244 
DAG 250 
Emralon 317 
Emralon 319 
Molydag 254 
Emralon 310 
Emralon 312 
Emralon 315 
Emralon 330 
VAC KOTE 18.07 
Molylube SR 
Molylube N 
Dow Corning 1-3910 
Dow Corning 3400A 
Molykote 106 
Drilube No. 1 
Lube-Lok 66C 
Lube-Lok 2406 
Lube-Lok 4306 
Lube-Lok 5396 
Everlube 620 
Everlube 626 
Ecoalube 642 
Fel-Pro C-200 
Fel-Pro C-640 
Fel-Pro C-651A 
Magnalubc D801 
Henderlube 402A 
Henderlube 413 
Surfkote M-2036 
Surfkote M-2049 
Sur fkote  A-217 8A 
Surfkote H-108 
Surfkote 359 
Surfkote M-1284 
Lubeco M-390 
Microseal 100-1 
MLR-2 
MLR-66 
NPI-14 
NPI-425 

Sections 
AI11 - 

1 
1 
2 
2 
1 
1 
1 
2 
2 
3 
4 
4 

8 
7 
9 

13 
13 
14 
14 
15 
15 
16 
17 
17 
1 7  
19 
21 
21 
23 
23 
24 
23 
23 
23 

27 
29 
29 
31 
31 

AIV - 

1 
1 
2 
2 
3 
3 
3 
3 
4 
5 
7 
7 
9 

10 
11 
14 
17 
17 
19 
19 
2 1  
21 
22 
23 
23 
23 
26 
27 
27 
29 
29 
29 
30 
30 
30 
31 
33 
35 
35 
37 
37 
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Page Nos. 
Sections 

AI11 AIV - -  Lubricant Name or  Code 

B. Heat-Cured Film (Concluded) 

Polylube 500 aq 

Polylube 750 
Techlube PT-14 
Techlube PT-17 
Techlube PT-26M 
Sandstrom 9A 

111. Inorganic-Bonded 

A. Si l icates  

Molylube N 
Molykote X- 15 
Drilube 867 
Drilube 868 
Drilube 869 
Drilube 870 
Drilube 805 
Drilube 861 
Lube-Lok 2306 
Lube-Lok 2606 
Everlube 811 
MW-5 
NPI-5 
Techlube L-67 

B. Nonsi l icates  

Molykote 523 
Molykote 321 
Drilube 701 
Inlox 44 
Fel-Pro (3-300 
Lubeco 905 
Microseal 200-1 
Microseal 300-1 
Microseal 200-23 

33 39 
33 39 
35 41 
35 41 
35 41 
37 43 

4 7 
7 11 

10 13 
10 13 
10 13 
10 13 
9 14 

10 14 
13 17 
13 19 
15 21 
29 35 
31 37 
35 42 

7 10 
7 10 
9 14 

16 2 1  
17 23 
25 31 
27 33 
27 33 
27 33 
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Page Nos. 
Sections 

A I 1 1  - -  AIV Lubricant Name o r  Code 

C. Hard Ceramics 

AFSL-28 29 36 
AFSL-29 29 36 
Vitro- Lube NPI- 1220 31 38 
Mrionite NPI-2500 31 38 

I V .  Special  Application Techniques , 

Hi-T-Lube 
Tuf ram 
Nedox 
Canadizing 
Microseal 100-1 
Microseal 200-1 
Microseal 300-1 
Microseal 200-23 
VAC KOTE 21207 
MEL- 1 

19 25 
19 25 
20 25 
20 25 
27 33 
27 33 
27 33 

33 
3 5 

29 36 

Section 
AV 

V. Composites 

Bartemp 
Duroid 5813 
Duroid 4300 
Molalloy PM 101 
Molalloy PM 103 
Molalloy PM 105 
Salox M 
Rulon A 
Delr in  100 
Delrin-AF 
Zy te  1 
Ryton (PPS) 
SP-1 (Vespel) 
SP-21 
SP-22 
SP-211 

19 
19 
19 
20 
20 
20 
20 
19 
20 
20 
20 
20 
21 
21  
2 1  
21  

A I I -  10 



Lubricant Name or  Code 

Composites (Concluded) 

SP-3 1 
SP-5 
Feurlon-CT 
Feurlon-AI? 
Feur 1 o n 4  
Meldin-PI 
Meldin-PI-30X 
Meldin-PI-15Y 

Page Nos. 
Section 

AV 

2 1  
2 1  
2 1  
2 1  
2 1  
2 1  
21 
2 1  
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Spec i f i ca t ion  

MIL-M-7866 

MIL- G- 6 7 1 1 

MIL- L- 89 3 7 

MIL- L-233 98 

MIL-L-46010 

MIL- L- 8 13 2 9 

NASA- 136 7 
NASA-A-D-66A 
05-10626-A 

(USN/BW) 
MSFC 502 

MSFC 253 
NASA 50M60434 

MIL-L-46 147 

SPECIFICATION SOLID LUBRICANTS 

Lubricant Name o r  Code Manufacturer o r  Suppliers 

Powdered Molybdenum 
Disulf ide (MoS2) 

Graphite 

Molylube SR 
Molykote 106 
Drilube 1 A  
Lube-Lok 5396 
Fel-Pro C640 
Henderlube 402A 
Surfkote M1284 
Microseal 200-1 

Poxylube 500 
Everlube 620 
Dnw Corning 3402 
Lubri-Bond A 
Surfkote A-1625 
Ecoalube 642 
Fel-Pro C-651 
Hendcr lube 413 
Surfkote M-2049 
Sandstrom 9A 
Molylube N 
Molykote X-15 
Everlube 811 
Lube-Lok 2306 
Lube-Lok 2306 
Lube-Lok 4306 

NPI-  14 

Microseal 100-1 
MLF-5 
NPI-5 
MLF-9 
MLR- 2 
NPI-425 
Sandstrom 26A 

Dow Corning Corporation 
Electrof i lm,  Inc. 

Electrof i lm,  Inc. 
Dixon 
Bel-Eby Company, Inc. 
Dow Coming Corporation 
Drilube Company 
Elec t r o f  i l m ,  Inc . 
Fel-Pro, Inc. 
H. A. Henderson Company 
Hohman P la t ing ,  Inc . 
Micros ea 1 Gorp o r a t  ion 
National Proccss Indus t r i e s  
Poxylube, Inc. 
Everlube Corporation 
Dow Corning Corporation 
Electrof i lm,  Inc. 
Hohman P la t ing  & Manufacturing, Inc. 
Ever lube Corporation 
Fcl-Pro, Inc. 
H. A. Henderson Company 
Hohman P la t ing  & Manufacturing, Inc. 
Sandstrom Products Company 
Bel-Ray Company, Inc. 
Dow Corning Corporation 
Everlube Corporation 
Electrof i lm,  Tnc 
Electrof i lm,  Inc. 
E lcc t r o  f i l m  , Inc . 

Techniques , Inc . 

Microseal Corporation 
Midwest Research I n s t i t u t e  
National Process Indus t r i e s  
Midwest Research I n s t i t u t e  
Midwest Research I n s t i t u t e  
National Process Indus t r i e s  
Sands trom Procluc ts Company 

AII-12 
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A I 1 1  - GENERAL DESCRIPTION OF C0MMERCIA.L SOLID LUBRICANTS 
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AClESON COLLOIDS COMPANY 

MANUFACTURER' S 
DESIGNATION 

L'AG'" W, 

D A b  244 

 DAG^ 250 

M O L Y D A G ~  254 

EMRALON@ 310 

EMRALON@ 311 

EMULOW 312 

ClWICAL 
CCMPOSITION 

:uLioluai grdph- 
. tc ,  isopropyl  
rlcohol 

Cos2 addi t ives ,  
resin binder  

toS2 graphi te ,  
3henolic r e s i n  

4oS2/lube pig- 
neats, thermoset 
res in  

PTFE coat ing 
phenolic r e s i n  

PTFE coat ing 
phenolic r e s j n  

PTPE coat ing 
a c r y l i c  r e s i n  

SUGGESTED USES 

- 
: l cc  tr i c a 1 ly conductive- 
brintcd c i r c u i t s ,  s tatic 
bleeds, c t c .  Lube f o r  
msiness  machines, gaskets ,  
icchanisms, rubber com- 
bonents , ctc. 

)ry f i lm f o r  s l i d i n g  sur- 
Faces, a i r c r a f t  fas teners ,  
x a k c  screw assemblies, 
rending machine components, 
2tc. Good corrosion re -  
s is tance meets load and 
xxlurance requirements M I L -  
L-8937. 

:orrosion res i s tance  and 
noderatc load capaci ty .  

Bearing sur faces ,  s l i d i n g ,  
cubbin): o r  turning. Meets 
load and endurance require-  
nents 01 MIL-L-8937. 

3ry f i lm lubr icant  f o r  matc 
r i a l  requi r ing  low tempcra- 
tu re  cure. Has good ad- 
hesion, corrosion r c s i s t -  
ance, and re lease  proper- 
ties, 

D q  f i lm €or  food handling 
and processing equipqcnt. 
Propert ies  s imi la r  t o  
ENRALON~ 310. 

Dry f i lm has low f r i c t i o n ,  
good adhesion and r e l e a s r .  
Yay be uscd on most m a l r -  
rials including t l e x i b l e  
s u b s t r a t c s ,  "0"-rings, 
s e a l s ,  c t c .  

C6.IPA'l'I.B 11.1" 
LOX, FUEL, E X .  

Nor LOX o r  
rocket  fue ls .  
Limited f l u i d s  
and solvents .  

Not LOX o r  
rocket  fue ls ,  
b u t  smie f l u i d  
and solvents .  

Not LOX o r  
rocket  fue ls .  

Not LOX o r  
rocket  f u e l s ,  
but  many hy- 
drocarlion 
f l u i d s  and 
so lvents .  

Not LOX o r  
rocket  fue ls .  
Moderate re- 
s i s t a n c e  t o  
chemicals aitd 
solvents .  

see EMRALON') 
310. 

Modcrcctc re -  
s i s t a n c e  t o  
chcinicals , 
so lvents ,  and 
gasol ine.  

NOTES 

Liquid, 20% s o l i d s ,  
densi ty;  888 kg/m3 (7.5 
lb /ga l ) ,  d i l u e n t ,  alco- 
hol, esters, and 
ketones. 

Thick f l u i d ;  dens i ty ,  
1,284 kg/m3(10.7 l b /  
g a l ) ,  d i l u e n t ;  methanol 
e thanol  o r  butanol ,  but  
ACHESON extender i s  re -  
commended. Cure a t  
149pC (300°F) f o r  1.0 
hr .  

Liquid; 42% s o l i d ,  
dens i ty  = 1,092 kg/m3 
(9.1 l b / g a l ) ,  cure  
temperature 149°C 
(300°F), 1 hr. 

Good wear- l i fe  and cor-  
ros  ion pr  oper t ie s . 
Service temperature 
135°C (275OF), max imum 
149°C (300°F), 55% 
s o l i d .  Density; 1,296 
kg/m3 (10.8 l b / g a l ) ;  
f r i c t i o n  c o e f f i c i e n t s  
123. 

Liquid dens i ty ;  984 kgl  
n3 (8.2 lb/gal) .  Cure 
a t  149°C (300"F), 1.0 
hr., se rv ice  temperatur 
177°C (350°F), maximum 
204OC (400OF). 

Same as EMULO@ 310. 

Liquid densi ty;  1,068 
kg/m3 (8.9 l b l g a l ) .  
Cure a t  149% (300°F), 
30 min. Service tem- 
p f r a t u r e  149°C (360°F), 
maximum 177'C (350'F). 

ALII- 1 



CHEMICAL 
CCNPOSITIOh' 

TFE coat ing 
poxy r e s i n  

TFE coa t ing  
olyure thane 
e s i n  

PTFE coa t ing ,  
s i l i cone  r c s i n  

PTFE coat ing,  
thermoplastic 
res in  

PTFE coa t ing ,  
thennoplas t i c  
res in  

PTFE coat ing,  
themoplas  t i c  
res in  

PTFE coating, 
thermoplastic 
r e s i n  

FTFE coating, 
thermoplastic 
res i n  

PTFE coating, 
r e s i n  bond 

ACHESON COLLOIDS COMPANY 

SUGGESTED USES 

Dry f i lm f o r  uses requir int  
improved corrosion and 
chemical res i s tance .  Good 
adhesion and hea t  s t a b l e .  

Dry f i lm has low f r i c t i o n ,  
good adhcsion and corrosiol 
r e s  i s  tance . Easi ly  app 1 iei 
t o  most mater ia l s ,  wood, 
g l a s s ,  p l a s t i c ,  rubber, 
e t c ,  

Low f r i c t i o n  f i lm having 
high hca t  r e s i s t a n c e  and 
good re lease  propcrt ics .  
Applied t o  matcr ia l s  such 
as metal and g lass .  

Air-dry f i lm f o r  hcat  scnsi 
t i v e  mater ia l s ,  l i g h t  load 
mechanisms. 

Air-dry f i lm,  proper t ies  
s imi la r  t o  EMRALON-' 3?0 but 
dcvelopcd f o r  food process- 
i n s  and handling cquipmcnt. 

F i l m  has low f r i c t i o n  and 
good r t l c a s e  prnper t ics ,  
e a s i l y  appl ied t o  most 
m a t e r i a l s ,  metals ,  wood, 
g lass  and p Lastics. 

Propcrt ics  and l i s t  s imi la r  
t o  EMRALON'" 327. 

Propcrt ics  and iise similar 
t o  DIRALOH 328. 

Exccl l r n  t arlhrs ion, low 
f r i c t i o n ,  r e s i s t a n t  t o  
corrosion,  abrasion,  f l e x  
and impact. Applicd t o  
metals ,  wood, rubber and 
some p l a s t i c s ;  on s l i d i n g ,  
rubbing o r  turning sur-  
faces ,  

COMPATIBILITY 
LOX, FUEL, ETC 

Lesist most 
Iolvents, 
z g a n i c  and i n  
r g a n i c .  

b '  

May be used 
with JP-4, d i  
ester f l u i d s  
and motor o i l  
Not organic 
so lvents ,  
kctonc, e tc .  

Modcrate re -  
s i s t a n c e  t o  
some inorganii 
corrosive.  
Not t o  organit 
solvents .  

Same as 
EMRAM$-' 320. 

S i m i l a r  t o  
EMUALOU 320 
and 321. 

See EMRALOT@ 
327. 

See MRAJ..Q@) 
320 and 327 

NOTES 

Liquid dens i ty ;  984 kg/ 
n3 (8.2 lb /ga l ) .  Cure 
3 t  177°C (350'F) 1.0 h r  
Service temperature 
177% (350°F), maximum 
204°C (400'F). 

Liquid densi ty;  864 kg/ 
n3 (7.2 lb /ga l ) .  A i r -  
dry in;5 t o  6 hr. May 
b e  cured a t  93°C (ZOOOF 
in 30 min. Service t e m  
pera ture  121°C (25ODF), 
naximum 149'C (300'F). 

S t a t i c  f r i c t i o n  0.05 t c  
0.67, dens i ty  1,020 kg/ 
m3 (8.5 lb /ga l )  cure ,  
204°C (400"F), 30 ma. 
Service temperature 
204°C (400 OF), maximum 
232°C (450OF). 

S t a t i c  f r i c t i o n  0.05 t c  
0.07 densi ty ,  948 kgfm: 
(7.9 l b / g a l ) .  Air-dry 
2 hr .  Service tempera- 
t u r e  82°C (180°F); 
maximum 116 "C (240 OF) . 
Same as  EMRAW# 320. 

S t a t i c  f r i c t i o n ,  0.06 t 
0.09. Air-dry 2.0 hr .  
Service temperature 
82°C (180°F), maximum 
116°C (240OF). In 
acrosol  container .  

Same as EMULO@' 327 
but  i n  bulk l i q u i d ,  
she l f  l i f e  6 months. 

Similar  t o  EMRALOiW 32E 

F r i c t i o n ,  0.07 t o  0.05, 
cure  a t  177°C (300"F), 
1.0 hr. Service t e m -  
pera ture  135°C (275"F), 
m a x i m u m  177°C (300'F). 
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LANUFACTURER'S 
DESIGNATION 

VAC KOTE 
BPS 18.07 

VAC KOTE 
21207 

BALL BROTHERS RESEARCH CORPORATION x 
CIEMICAL 

CCMPOSITION SUGGESTED USES 

os2 lube s o l i d s ,  S l id ing  sur faces ,  low and 
rganic  binder ,  high loads, low t o  high tex 
ylene/alcohol  perature ,  air t o  hand 

vacuum, space environment. 
L m  corrosion res i s tance .  

os2 and propri-  
t a r y  appl ica t ion  Instrument gears, high 
rocess  loads,  hard vacuum, space 

environment. Corrosion 
pro tec t ion  proper t ies  are 
not  good. 

B a l l  bear ings,  ba l lbushings  

CCMPATIBILI'IY 
LOX, FUEL, ETC, 

Not LOX o r  
rocke t  fue ls .  
Compatible wit:  
j e t  f u e l ,  hy- 
drocarbons, an 
solvents .  

Not LOX or 
rocket  fuels .  
Compatible w i t  
je t  f u e l s ,  hy- 
drocarbons and 
solvents .  

NOTES 

Cure, 149% (300°F), 1. 
h r . F r i c t i o n c o e f f i c i e n t  
0.04 t o  0.20. Usable 
temperature range, low, 
-184OC (-300°F) t o  higI 
288°C (550OF). Rated 
s a t i s f a c t o r y  f o r  vacuun 
outgassing per  MSFC - 
5OM02442. 

No cure  cyc le  needed. 
F r i c t i o n  c o e f f i c i e n t ,  
0.03 t o  0.20. Usable 
temperature range; a i r ,  

high 149°C (300aF);  i n  
vacuum, -268°C (-450°F) 
t o  371OC (700'F). R a t 6  

sa t isfactot-y for vacuun 
outgassing per  MSFC - 
5OM02442. 

 OW -268OC (-450OF) t o  
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CHEMICAL 
CMPOSITION 

10S2 microfine,  
.es in  bond 

IoS2 microf ine ,  
md r e s i n  bond 

4oS2 inorganic- 
x g a n i c  r e s i n  
,and 

loS2 blended 
solvents and 
3onding agent 

PRAY CMPANY. I N C .  - 'WOLY 

SUGGESTED USES 

:enera1 purpose dry f i lm fa  
iigh loads o r  speed, machin 
:ools, s leeve  bear ing,  
:hreaded connections. W i l l  
-educe f r e t t i n g ,  g a l l i n g  
md se iz ing .  May be used 
in most mater ia l s .  

Long-life dry f i lm f o r  ex- 
:e l len t  a n t i g a l l i n g  and 
seizing proper t ies  when ex-  
3osed t o  high bear ing loads 
md temperature, For s l i d -  
ing and r o l l i n g  surfaces .  
Provides corrosion r e s i s t -  
mce. 

)ry f i lm f o r  extreme tcm- 
x r a t u r e  and LOX appl ica-  
tions. Has good adhesion 
md may be used on b a l l  
j o i n t s ,  rod end ac tua tors ,  
Ztc. For vacuum use also. 

For exce l len t  l u b r i c i t y ,  
txtrene pressure and r u s t  
protect ion.  To prevent 
ga l l ing  and se iz ing  on r o l l  
ing and s l i d i n g  surfaces .  
tactlint. t o o l s ,  machinery, 
nechanisms, c tc .  

BE" 

334PATIBILITl 
LOX, FUEL, ETC 

Res is t s  most 
so lvents ,  hy- 
drogen f l u i d s  
f u e l s ,  and 
l i q u i d  oxygen. 

Not LOX o r  
rocket  fue ls .  
Has chemical 
res i s tance  t o  
o i l s ,  greases  
some so lvents  
ac ids  and 
a l k a l i s .  

LOX insens i -  
t i v e  may be 
used wi th  mosl  
chemicals, ant 
solvents .  

Not f o r  LOX 
o r  oxygen. 

NOl'ES 

Air-dry f i lm,  cure  tem- 
perature ,  6.0 hr.; 
usable  temperature ran@ 

t o  +750°F). 
-73°C to 399°C (-100'F 

Heat cured f i lm;  cure  
177°C (350°F), 30 min.; 
brush, spray o r  dip.  
May be appl ied without 
sur face  pretreatment. 
Usable temperature 
range -73°C t o  399°C 
(-100°F t o  i75O"F). 

kat  cure;  83°C (180°F), 
!.Ohr. Higher hea t  cycl 
mproves f i lmhardness;  
isable  temperature rangc, 

-1400°F). Meets MIL-L- 
11329 requirements. 

May be appl ied by 
aerosol  can, brush, dir  
o r  spray; rapid air- 
dry. 

.184"C t o  760OC (-3OOOF t c  
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C E W ,  INC. 

NUFACTURER'S 
iESIGNATION 

RON NITRIDE 
RfMIUM SULFIDE 
RmIM SELENIDE 
RfMIW TELLURID 

FNIW SULFIDE 
FNIUM SELENIDE 
FNIUM TELLURIDE 

iLYBDENUM 
WIDE 
LYBDENUM 
lLENT.DE 
ILYBDENUM 
LLURIDE 

OBIUM SULFIDE 
OBIUM SELENIDE 

OBIUM TELLURIDE 

NFALUM SULFIDE 
STALUM SELENIDE 
rNTALUM TELLURID 

:TANIUM SULFIDE 
[TANIUM SELENIDE 
~TANIUM m u u R I n  

JNGSTEN SULFIDE 

JNGSTEN SEIENIDE 

JNGSTEN TELLURIC 

LNADIUM SULFIDE 
WIUM SELENIDE 
WADIUM TELLIJRIE 

LRCONIUM SULFIDE 
CRCONIUM SELENII 
ERCONIUM 
ZLLURIDE 

ELICONE SPRAY 

LUOROCARBON SPRl 

CHEMICAL 
COMPOSITION 

IN 
k 2 S 3  
:rgSej 
:r2Te3 

i f  s2 
XSe2 
IfTep 

YOS2 

lose2 

4oTe2 

ws2  
NbSe2 

NbTe2 

TaS2 
TaSe2 
TaTeZ 

Tis2 
TiSe2 
TiTeZ 

US2 

WSe2 

WTe2 

vs2 
VSe2 
VTe2 

ZrS2 
ZrSe2 

ZrTe2 

Si l icone  and 
nontoxic Carrie 
binder 

Fluorocarbon 
spray and 
v o l a t i l e  Car r ie  

SUGGESTED USES 

.ocks, gears ,  p i s tons ,  cams 

- 
: l ec t .  contac ts ,  motor 
rushes.  - 
Prec is ion  instruments. 

- 
- 
- 
- 

racuum e lec t .  contacts .  

;crews and moving p a r t s  a t  
:emp . 
lacuum switches, va lves ,  
)caring. - 

i e lease  agent and lubr icant  
€or s l i d i n g  sur faces ,  repe l  
nois ture  and prevents  cor- 
rosion. May be used i n  foo 
wocessing equipment (Ap- 
>roved by USFDA). 

4ay be appl ied t o  almost 
any m a t e r i a l  f o r  s l i d i n g  
surface contac t  o r  as re-  
lease agent. Good bond 
j t r c n g t h  and long-wearing 
film. 

OMPATIBILITY 
,OX, FUEL, ETC. 

- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Not compatibl 
wi th  LOX o r  
rocke t  fue ls .  
Insoluble  i n  
organic  sol-  
vents ,  a c i d s ,  
o i l s  and 
w a t e r .  

NOTES 

'CERAC" family of dry  
u b r i c a a t  powders con- 
i s t  of noncarbon, low 
' r i c t i o n  compound; same 
LS l i s t e d .  P a r t i c l e  
d z e  of powders 5 x 
L. (5.0 11). Powders ma? 
,e hot-pressed, combine6 
rith o i l s ,  s o l i d  matrix 
r i th  o t h e r  materials, 
'lame sprayed, and com- 
bined wi th  res ins .  Most 
laterials can be used i r  
racuum and h igh  tempera- 
'ure . 

Llso a v a i l a b l e  i n  
ierosol  conta iner  wi th  
r o p r i c t a r y  binder-  
: a r r i e r  . 

Odorless, hea t  s t a b l e  a 

$40°F). I n  aerosol  can 
Fast drying. 

-40°C t o  227°C (-40°F t l  

Nonstaining, odor less  
and hea t -s tab le  a t  -4O"I 

50O0F). I n  aerosol  con 
tainers. 

t o  260°C (-40°F to 
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CERAC, INC. 

ANUFACTURER' s 
DESIGNATION 

ERAC SP-111 

CHEMICAL 
CCMPOSITION 

osz, inorganic 
inder (propri- 

A 

SUGGESTED USES 

achincry and equipment 
aintenance, gears, cams, 
hreads, bearings, universa 
oints, etc. May be used 
or metal working dies, and 
s mold release. 

CCMPATIBILITY 
LOX, FUEL, ETC. 

75O0F). 
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MOLYKOTEB x-15 
(MIL- L-8 132 9) 

MOLYKOTEG M-88 

M O L Y K O T E ~  
Spraykote 

MOLYKOTE~ 321 

MOLYKOTE'~ 523 

MOLYKOTE~ M-BN 

Dm CORNING CORPORATIOh 

CHEMICAL 
CMPOSITION 

MANUFACTURER'S 
DESIGNATION 

MOLYKOT@ io6 
(MIL-L-8937) 

%os2 - s o l i d  lubt 
blend, thermo- 
s e t t i n g  r e s i n  

MoS2, graphi te  
and sodium 
s i l i c a t e  

MoS2 and lube 
blend, f a s t  air-  
dry r e s i n  binder 

MoS2 (microsize) 
organic binder  

MoS2 and blcnded 
s o l i d  lubr icants  
and inorganic 
binder  

Modified TFE and 
f a s t  dry in-  
organic binder 

MoS2 graphi te  an 
organic r e s i n  

SUGGESTED USES 

Prevent f r e t t i n g ,  g a l l i n g  
and se iz ing  under high load 
low speed and temperature 
extremes. Use i n  d i r t y  o r  
abras ive  environments, whcr 
mating sur faces  a r e  inacces 
s i b l e  t o  re lubr ica te .  For 
wear-in of new o r  r e b u i l t  
equipment. Good wear- l i fe .  

Prevent g a l l i n g  i n  high 
vacuum. For use on s l i d i n ?  
sur faces ;  r o l l i n g  and 
o s c i l l a t i n g  b a l l  and p l a i n  
hear ing f o r  r a d i a l  and 
t h r u s t  load. 

Low f r i c t i o n  and wear under 
high loads. Used on: 
o f f i c e  machinery, vending 
machines, chains ,  pivot 
pins ,  switclics, hinges, c tc  

Low f r i c t i o n  and moderate 
adhesion. Res is t  high 
prcssurc. Prevents g a l l i n €  
and se iz ing ,  wear-in damagc 
Good i n  d i r t y  o r  abrasive 
atmosphere. Moderatc cor-  
ros  ion protcc t ion .  

Prevent ga l l ing ,  se iz ing  
and f r e t t i n g  €or ,  c u t t i n g  
too ls ,  machinery pin, 
l evers ,  sp l ines  and thrcadc 
par t s .  S i m i l a r  p roper t ies  
a s  X-15, good as alinninum 
lube. 

S l id ing  sur faces ,  metal 
forming, and a rc leasc  
agent. Good adhcsion and 
low f r i c t i o n .  Chemically 
i n e r t .  For low loads. 

High loads and extreme tem- 
pcrature. Rcduce f r c  t t i n g  , 
gal l ing ,  c tc .  For d i r t y  
and abrasive environmcnts. 
For wear-in of equipment, 
and where p a r t s  are not  
e a s i l y  lubricated.  Has 
good chcmical res i s tance  
and endurance l i f e  ap- 
proachs hea t  cured films. 

CMPATTBILITY 
LOX, FUEL, ETC 

Not LOX o r  
rocket  fue ls .  
Res is t s  most 
hydrocarbon 
f l u i d s ,  hy- 
d r a u l i c  f l u i d ,  
engine o i l s  
and j e t  f u e l s .  

Compatibility 
with LOX; 
N204 and UDMH. 

Not LOX, fue ls  
o r  solvents .  

Not LOX, fue ls  
o r  solvents .  
Compatible 
with somc lube 
f l u i d s  . 

Compatibility 
wi th  VDMII, LOX 
(Batch Test 
Rcquired), most 
f u e l s  and 
solvents .  

Not LOX o r  
rocket  fuc ls .  
Res is t  most 
chemicals and 
solvents. 

Not LOX o r  
rocket  fuc ls .  

NOTES 

Heat cured; 149"C(300°F 
1.0 hr .  Usable tempera 
t u r e  range -198°C t o  

Storage s t a b i l i t y ,  2 
years. 

232°C (-325'F t o  450°F) 

Air-dry 24 hr. Heat 
cure,  2 hr. a t  82% 
(180°F) and 2 hr. a t  
149°C (300'F). Res is t  
rad ia t ion .  Usable tem- 
pera ture  range -198°C t 
649°C (-325OF t o  1200°F 
Storage s t a b i l i t y ,  6 
months e 

Rapid a i r -dry  f i lm.  
Usable temperature 

t o  450°F). Storage 
s t a b i l i t y ,  1.0 year .  

-198OC t o  232°C (-325°F 

Wide temperature range 

t o  750'F). Good s t o r a g  
s t a b i l i t y .  Available i 
aerosol  container .  

-73OC t o  399°C (-100'F 

Air-dry f i lm,  good 
chemieal s t a b i l i t y .  
Usable temperature rang 

t o  1200OF). Storage 
s t a b i l i t y ,  6 months. 

-198°C t o  649°C (-325'F 

Air-dry, 5 min. Usable 
temperature -198°C t o  
26OoC (-325'F t o  500°F) 

Air-dry f i lm,  cured a t  
room temperature, 4 hr .  
o r  250"F, 5 rnin. 
Usable temperature rang 

t o  450°F). Storage 
s t a b i l i t y ;  2 years  
(bulk) o r  1.0 year  
(aerosol  can) .  

-198% t o  232OC (-325°F 
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r -~ DCXJ CORNING CORPORATIOh 

3400!\ (EIIL-L- 
460 lOA) 
(KIA- I'D-42) 

DOW CORNING 
3402 
Ot I L- L-233 98B)  
(RIA-I'D-703) 
(RIA-PD-42) 
(MIL-L-40147) 

DOW CORNING 
1-3943 
(AI SL-41) 

os2 and thenno- 
e t  r e s i n  

SIC ndcd Luhc 
o l i d s  and addi-  
ivcs ,  tiicmoset 
'c s i n  

ilendcd lube 
,ol ids ani1 addi-  
. ivcs,  orTanic 
-?s in  

IoS2 and blended 
501 j ,l  l l i b r , \ ,  . i n <  

air-cure a i l i c o r  
?@sin  

SUGGESTED USES 

Properties and usage a r e  
, h i l a r  t o  MOLYKOTE -' 106. 
tIas good adhesion anJ 
:hcmical rcs i s tance .  Con- 
Lains no graphite. 

1 
For bearing surfdces  and 
s imi la r  apptic.it i c i n s .  I><- 
Lrvinr prc?>iirc w l  i d  film 
f o r  1 \ x r i n r :  $ u r f i c c s  and 
ias bel-> 2 d c ~ r o s  icn 
resi,;tancc. 1Ii~:li f r i c t i o n  
lur ing  wear-in. 

I 'roprrtics and usage arc 
s imi la r  t o  MOLYKOTI: 106. 
T h i s  f i lm i s  ronsidercd ai 
air-drying a1 t c m a t i v c  f o r  
MOLYKOTI: LO6 and DOW 
CONiLNG' 2400A. Extrrmr 
nr-ssure lubr icant ,  has 
gnod corrosion r)rntrct ion.  

Special ly  formulated as an 
a n t i f r e t t i n g  lubc f o r  
titanium. Rasrd un A i r  
Force Lahorntory clevr~lop- 
w n t s .  

N o t  1,OX o r  
rocIkc t [i i i  1,. 
S a t  i i f.lc t or, 
T c i r l i  iyni l i (  [ I  

and : K t  t l - I ) I  l'lll,l 

hydr  i u l  ;c 
f l u i d s ,  h < , l -  

vents ,  c lean-  
ing f l u i d s ,  
jtt fuc.1, 
gaso l ine ,  l u b  
o i l s ,  e tc .  

Ser  MOLYKOTC ' 
106 and I ) o u  
C Om INC 
3 4 C O b .  

iiOTES 

I L a t  cure ,  119°C (300" !  
1.0 h r .  Usahlc. tcni wr: 

Lure range - 2 2 6 ° C  c o  

Storage s t a b i l i t y ,  1 
ytar .  

2 3 2 ° C  (-375'F t o  4 5 ( : " F ,  
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MANUFACTIJIER'S 
DESIGNATION 

DRILUBE 1A 
(MIL-L-8937) 

DRILUBE 90 

DRILUBE 207 
(A, B & C) 

DRILUBE 701 
(702) 

DRILUBE 805 

DRILUBE 831 

C I W I C A L  
CaZPOSITION 

HoS2, graphi te  
and phenolic 
r e s i n  

MoS2, SrCr04 and 
alkyd-epoxy 
r e s i n  

Graphite and 
epoxy blend 
r e s i n  

MoS2, SrCrO4 and 
phosphoric binde 

MoS2 and ceramic 
binder 

Teflon and 
f luor ina ted  hy- 
drocarbon 
(evaporated) 

DRILUBE COMPANY 

SUGGESTED USES 

High pressure and moderate 
e levated temperatures. Foi 
s l i d i n g  and r o l l i n g  sur -  
faces ;  used i n  a i r c r a f t ,  
automotive, e lec t ronic  and 
o ther  manufacturing. Tem- 
perature  range -184°C 

( a i r )  a 343°C (650°F) 
(vacuum). 

(-300'F) t o  260°C (500'F) 

Low c o s t ,  corrosion in-  
h i b i t e d  dry f i lm for  mediur 
duty. Pr inc ipa l ly  f o r  
s l i d i n g  surfaces .  Can be 
appl ied t o  most metals. 
Maximum temperature 260C 
(50O0F) ( a i r ) .  

General usage f i lm lube foi 
conductive sur faces ,  s l i d -  
ing o r  r o l l i n g .  F a i r  wear. 
l i f e ;  temprrature range 

(50OOF) ( a i r ) ,  316°C 
(600°F) (vacuum). 

-184°C (-300°F) t o  260°C 

Vrry smooth dry f i lm and 
good adhesion propert ies .  
Has good a n t i g a l l i n g  propel 
t i e s  over wide temperature 
range -240°C (-400°F) t o  
371°C (700°F) ( a i r ) ,  649°C 
(1200°F) (vacuum). Wear- 
l i f e  i s  poor t o  moderate. 

High load capaci ty  f i lm 
lube f o r  s l i d i n g  or  r o l l i n l  
contact .  Withstands high 
temperature 371°C (+700°F) 
( a i r ) ,  649°C (1200OF) 
(vacuum). Moderate mois- 
t u r e  and solvent  r e s i s t -  
ant.  

Excel lent  l u b r i c i t y  and 
good wcar- l i fe  f o r  s l i d i n g  
surfaces  a t  room tcmpera- 
ture .  A l s o  good as 
sea lan t .  Maximum tempera- 
ture 232°C (450°F). 

Cml'AT I B  ILITY 
LOX, FUEL, ETC 

Not LOX o r  
N 0 o r  N2H4. 
Resists water 
so lvents  and 
hydrocarbons. 

2 4  

Not LOX or  
N 0 o r  N2H4. 
Res is t s  water 
so lvents  and 
hydrocarbons. 

2 4  

Not LOX or  
N 0 o r  N2H4. 
Res is t s  water 
and some 
so lvents .  

2 4  

LOX compatibl 
Not N2O4 o r  
N2H4. Res is t  
water  and mos 
solvents .  

LOX compatibl 
Not N2O4 o r  

N2H4* 

Compatible - 

N H and UDMH 
Res is t s  water 
and solvents .  

Lox, "204, 

2 4  

NOTES 

Heat cure: 204°C 
(400°F) f o r  20 min. 
Spray appl ica t ion  recon 
mended. DRILUBE 1B 
i s  s i m i l a r  but  does not 
m e e t  MIL-SPEC. 

Heat cure:  204°C 
(400'F) f o r  30 min. 
Dip o r  spray appl ica-  
t ion.  I n d e f i n i t e  
s torage .  

Moderate s torage  l i f e ;  
spray appl icat ion.  Hea 
cure :  207A, 191OC 
(375'F), 1.0 hr . ;  207B, 
12loC (7.50°F), 1.0 hr . ;  
207C, c a t a l y s t  cure .  

Heat cure :  204°C 
(400"F), 1.0 hr. 701, 
spray o r  d ip  appl ica-  
t ion .  702, brush ap-  
p l i c a t i o n .  Toxic 
fumes. 

H e a t  cure: 2 hr .  a t  
82°C (180°F), 4 hr .  a t  
204OC (400°F). Spray 
appl ica t ion  recommended 
Is not  compatible with 
graphi te  film. 

Air-dry; d ip  o r  spray 
appl ica t ion .  Mildly 
tox ic  vapors above 
260% (500°F). Good 
s torage  l i f e .  Also 
a v a i l a b l e  i n  aerosol  
conta iners  as DRILUBE 
842. 
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UWUFACTURER' S 
DESIGNATION 

- 
DRILUBE 861 

DRILUBE 867 

DRILUBE 868 

DRILUBE 869 

DRILUBE 870 

ClWtLCAL 
CMPOSITION 

-. -- 
db2  and cpramic 
binder 

MoSe2 and 
ceramic binder  

XoTe2 and 
ceramic binder 

WTe2 and ceramic 
h indr r  

DRILIJEE COMPANY 

SUGGESTED USES 

--- 
High c o s t  dry-film lube 
with gaod high temperature 
s e a r - l i f e  bu t  poor wear- 
l i f e  a t  room temperature. 
Can bc  used i n  vacuum. 
Yaximum temperature 399°C 
(750-F) ( a i r ) ,  76OOC 
( 1400°F) (vacuum). 

Very expensive dry-film 11.11 
far extrcme tmpcraturc an( 
high vacuum. Temperature 
ranges: ( a i r )  427OC (800'1 
continuous, shor t  time t o  
649°C (1200°F); (vacuum) 
816°C (1500°F) continuous, 
s h o r t  timcb, 1093°C (2000°F: 
cryogenic use a l so .  

Very cxpcnsive dry-film 
lube has similar mechani- 
c a l  and physical propertier 
t o  DRILWE 867. 

Very espensive dry-Cilm 
lube f o r  cryogenic and higl 
tcmpcraturc appl ica t ions ,  
a l s o  usable i n  vacuim. 

Similar i n  proper t ies  and 
usage t o  DRILWE 869. 

COMPATIBlLLTl 
LOX, FUEL, ETC 

LOX ccnnpacibl 
Not N2O4 o r  
N Z 4 .  F a i r  r 
s i s t a n c e  t o  
water and 
solvents .  

Same as 
DRILUDE 861. 

Same as 
DKILUBE 861. 

Same as 
DRILLXE 861. 

Same as 
DRILUBE 861. 

- 

NOTES 

Heat cured: 1.0 hr .  i n  
a i r ;  2 hr.,  82°C (180'F 
and 4 hr., 204°C (400'F. 
Spray appl icat ion.  

Same a s  DRILUBE 861. 

Same as  DRILUBE 861; 
6-month s torage  l i f e .  

Same as DRILUBE 861; 
6-montn s torage  life. 

Same as DRILUBE 861; 
6-month s torage  l iEe .  
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DRI-SLIDE, INC. 

CIWICAL 
CCMPOSITION 

os2 powder, 
.50 x lo6 m. 
0.50 p), l i g h t  
ydrocarbon 
etroleum l iqu id .  
n t i c o r r o s  ive  
dd i t ives .  

SUGGESTED USES 

ubricant  under adverse con 
i t i o n s ;  dus t ,  water,  d i r t  
nd a l k a l i s .  General pur- 
ose;  e l e c t .  equipment, 
m a l l  mechanisms, o f f i c e  
achinery,  vending machine, 
achine tools ,  automotive, 
t c .  
regnate  laminated bushings 
nd s l i d e  pads, rub s t r i p s .  

May be used t o  im- 

C(MPATIBIL1TY 
LOX, FUEL, ETC 

iesist most 
xcids, a l k a l i  
Jater .  Com- 
3at ib le  with 
Zreases and 
J i l S .  

NOTES 

-- 
DRI-SLIDE@ provides con 
s i d e r a b l e  r u s t  o r  cor- 
rosion protect ion.  Tem 
perature  range, -46°C t 

Should no t  be appl ied a 
more than 52°C (125OF) 
( f l a s h  point  of c a r r i e r  
71°C (160OF)). Nontoxi 
and dus t  f ree .  

399'C (-50°F t o  +750"F) 
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MANUFACTURER ' S 
DESIGNATION 

L-iI3E-IQK 66-C 

I 

LUBE-IQK 1000 

LUBE-LOK 2006 

LUBE-LOK 2109 
(MIL-L-46010) 

LUBE-LOK 2306 
(NASA 1367) 

LUBE-LOK 2396 
(XIL- L-81329) 

EUCTROFIIM CORPORATION 

CHEMICAL 
CQ.II'OS I T I O N  

MoS2 - graphi te ,  
corrosion i n -  
h i b i t o r s  i n  
thermoset r e s i n  

Graphite-lead 
oxide, ceramic 
binder  

MoS2-graphite 
i n  s i l i c o n e -  
formaldehyde 
r e s i n  

MoS2-lead 
thermoset r e s i n  

MoSp, and 
inorganic binder 

MoS2-graphite i n  
inorgaganic binder 

Graphite and in-  
organic binder  

rJS2 and in-  
3rganic binder  

SUGGESTED USE3 

General purpose l i g h t  t o  
heavy duty lube f o r  f r e t -  
t i n g  and s l i d i n g  surfaces .  
Dry f i l m  f o r  cor ros ive  
environments where low 
f r i c t i o n  is needed. 

Heavy duty f i l m  f o r  f r e t -  
t i n g  and s l i d i n g  metal s u r  
faces  operat ing a t  high 
temperatures. 

Wide temperature range 
s o l i d  f i lm f o r  s l i d i n g  and 
f r e t t i n g  sur faces ;  cams, 
threaded connections, 
p l a i n  o r  spher ica l  bear- 
ings. 

Sol id  f i lm f o r  s l i d i n g  
motion, p l a i n  and spheri-  
c a l  bear ings,  hinges, cams 
and threaded appl ica t ions .  
High load carrying capac- 
i ty .  

Sol id  f i l m  f o r  high vacuum 
b a l l  and r o l l e r  bearings, 
spher ica l  bear ings and 
s l i d i n g  appl ica t ions .  

Sol id  f i lm f o r  r o l l i n g  
element bearings. 

Wide temperature range 
s o l i d  film. For use where 
compat ib i l i ty  wi th  N2O4, 
N H and aerozem are re- 
quired . 2.2 

Solid f i l m  f o r  temperatures 
zxceeding normal require-  
Rents of  MoS2 o r  where MoS2 
:annot be used. 

CCMPATIR ILITY 
LOX, FUEL, ETC 

Not LOX o r  
rocket  fue ls .  
S a t i s f a c t o r y  
w i t h  most hy- 
drocarbon 
f u e l s ,  o i l s  
and solvents .  

LOX and hy- 
drocarbon 
f u e l s ,  o i l s  
and solvents .  
Limited use 
with j e t  
fue ls .  

Not LOX o r  
rocket  fue ls .  
OK with most 
hydrocarbon 
f u e l s ,  o i l s  
and solvents .  

Not LOX o r  
rockets .  OK 
with most hy- 
drocarbon 
f u e l s ,  o i l s  
and solvents .  

LOX and hy- 
drocarbon 
f u e l s  and 
o i l s .  L i m i t e  
so lvent  use. 

OK with IXIX, 
rocket  f u e l s ,  
hydrocarbon 
f u e l s ,  and 
o i l s .  Limite 
use with  
solvents .  

OK with LOX, 
rocket  fue ls ,  
hydrocarbon 
f u e l s  and 
o i l s .  Limite 
so lvent  use. 

OK wi th  LOX, 
rocket  f u e l s ,  
hydrocarbon 
f u e l s  and 
o i l s .  

NOTES 

Cure a t  191°C (375°F) 
1.0 hr .  Usable tem- 
pera ture  range, -184°C 

700'F). 
t o  371OC (-300'F t o  

Cure a t  538°C (1000°F) 
f o r  15 min. Usable tern. 
perature ,  -184°C t o  

2000 OF). 
1093OC (-300°F t o  

Cure a t  260'C (500'F) 
2.0 hr .  Usable tem- 
pera ture  range, -184OC 
t o  454°C (-300'F t o  
850°F). 

Cure a t  149OC (300'F) 
2.0 hr. Usable tem- 
pera ture  range, -251°C 

600 OF). 
t o  316°C (-420'F t o  

Cure 82% (180°F), 2.0 
hr .  plus  204°C (400°F), 
2.0 hr .  Usable tem- 
pera ture  range, -251°C 
t o  427% (-420OF t o  
800 OF) . 
Cure a t  82°C (180°F), 
2.0 hr. plus 204°C 
(400OF) 2.0 hr. Usable 
temperature range, 

t o  85OOF). 
-251°C t o  459°C (-420'E 

Same cure cycle  and 
usable  temperature 
range as LUBE-LOK 2396. 

Cure a t  82'C (18OoF), 
2.0 hr .  plus 204°C 
(400°F) 2.0 hr .  Usable 
temperature range, 

to  950'F). 
-184°C to 510°C (-30O0F 
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ELECTROFIIM CORPORATION 

LANUFACTER' s 
DESIGNATION 

UBE-LOK 5306 

LUBE-LOK 5396 

LUBRI-BOND A 
(MIL-L-23398) 

LUBRI-BOND J 
(MIL-G-26548) 

LUBRI-BOND M 

LUBRI-BOND N 
(WS 9004) 

ELECTRO-MOLY 
GRADE I 
(MIL-M- 7866 ) 

E LEC TRO- GRAPH 
(MIL-6-6711) 

LUBRI-BOND HT 
(AFSL-41) 

LUBE-LOK 2696 

LUBE-LOK 4396 

C H I 3  ICAL 
CONPOS ITION 

loS2 and 
:hennoset r e s i n  

loS2 - graphi te  
:hennoset r e s i n  

Cos2 - graphi te  
Ihenolic r e s i n  

Zraphite 
9hcnolic r c s i n  

(os2 and 
Freon c a r r i e r  

%Se2 and 
phrnolic r e s i n  

YoS2 powder 

Graphitc powder 

EloS2-Sb203 
s i l i c o n e  bindcr  

dS2-graphite and 
inorganic bindcr  

90Sz-graphitc an 
phcnolic binder  

SUGGESTED USES 

Low c o e f f i c i e n t  of f r i c t i o n  
s o l i d  f i lm wi th  e x c e l l e n t  
load and endurance proper- 
t i e s .  

Same as LUBE-LOK 5306 but  
contains  graphi te .  

General purpose s o l i d  f i lm 
may be uscd f o r  production, 
touch-up, and f i e l d  repa i r .  

GEncral purpose s o l i d  f i lm 
f o r  f i lm touch-up where 
MoS2 cannot be used o r  
whcre c l e c t r i c a l  conductiv- 
i t y  i s  requircd. 

Touch-up f i lm whcre granhit 
and r e s i n  cannot be used. 
Mold r c l c a s c  and cold hcad- 
ing a p p l  i ca t ions .  

Solid f i lm whcre extremely 
high c l e c t r i c a l  conductiv- 
i t y  is required.  Medium 
load carrying capaci ty .  

High pur i ty  small p a r t i c l e  
s i z c  MoS2. 

High pur i ty  s m a l l  p a r t i c l e  
s i z c  graphi te .  

High temperature f i lm dc- 
velopcd f o r  rubbing sur-  
faces;  a n t i f r c t t i n g ,  a n t i -  
galling and an t i se ize .  
Primarily f o r  use on t i t a -  
nium. Bascd on A i r  Force 
laboratory dcvelopmcnt. 

Solid f i lm f o r  tcmperaturrs 
cxcecding normal rcqitire- 
m c n t s  of MoS2 and s t rong  
oxidizing abnosphcres. 

Solid f i lm f o r  highly 
loaded, high speed use. 
Compatible with d i s s i m i l a r  
mctals. 

CONPATIBlLI'n 
LOX, FUEL, ETC 

Not LOX o r  
rocket f u e l s .  
OK with most 
hydrocarbon 
f lu ids .  

See LUBE-LOK 
5306. 

Compatible w i l  
hydrocarbon 
f lu ids .  

Compatible 
with hydro- 
carbon f l u i d s  

LOX and rockc 
f u e l s ,  hydro- 
carbon f l u i d s  

Compatible 
with hydro- 
carbon f l u i d s  

LOX and rocke 
fur  Is, hydro- 
carbon f l u i d s  

LOX and rocke 
f u c l s ,  hydro- 
carbon f l u i d s  

Compatible 
with most hy- 
drocarbon 
f l u i d s  and 
solvents .  

Same as LUCE- 
LOK 2606 

Not LOX o r  
rockct  f u c l s ,  
OK with most 
hydrocarbon 
f lu ids .  

NOTES 

Cure a t  149°C (300" F) 
1.0 hr .  Usable tempera 
t u r e  rang6 -184°C t o  
316°C (-300'F t o  600°F) 

Same as LUBE-LOK 5306. 

Air-dry; a v a i l a b l e  i n  
bulk o r  aerosol  con- 
ta iners .  Usable t e m -  
pera ture  range, -184°C 

600'F). 
t o  316'C (-300'F t o  

Air-dry; a v a i l a b l e  i n  
bulk o r  aerosol  con- 
t a i n e r s .  Usable tem- 
pera ture  range, -129OC 

600°F). 
t o  316°C (-200'F t o  

Air-dry. Usable tem- 
perature  range, -73 "C 

700'F). 
t o  371°C (-100'F t o  

Air-dry. Usable tcm- 
perature  range, -73'C 

700'F). 
t o  371°C (-100'F t o  

Usable temperature 
range, -196°C t o  371°C 
(-320°F t o  70O0F). 

Usable temperature 
range, -196°C t o  1093°C 
(-320°F t o  2000'F). 

Air-dry, 72 hr . ,  Usabl 
temperature range, 

t o  750°F). 
-196°C t o  399°C (-320'F 

Same as LUBE-LOK 2606. 

Cure a t  191°C (375°F) 
1.5 hr. Usable tem- 
pcra turc  range, 184°C 

600°F). 
t o  316°C (-300°F t o  
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VERLUBE 
20 & 62OA 
MIL-L-8937) 
MIL-L-15504) 
MIL-L-21273) 

I 

XERLURE 626 

XERLUBE 
310 & 810M 

lVERLUBE 811 
(MIL-L-81329) 

IVERLUBE 812 
(MIL-L-81329) 

{VERLUBE 823 

loS2 and modif ie  
bhe:iolri. resiq, 
l20r\ . I t s 0  con- 
aii is  a buLifrt\d 
'orrosion resis- 
:dnt agent .  

loS2 and iiiodificc 
,henolic resin 

losz-graphi te 
and soit metals  
in a s i l i c o n e  
resin 

(oSZ-graphi t e ,  
sodium s i l i c a t e  

3oS2 and sodium 
s i l i c a t e  

:raphite and 
sodium s i l i c a t e  

EVERLUBE CORPORATION 

I 
SUGGESTED USES 

Dry f i l m  to%educe wear, =* 
prevent g a l l i n g  and nrovide 
dntis.,i.zc propclgties. Good 
f o r  extreme loads and high 
temperature. . .  . .  

Film to reduce wear, pre- 
vent g a l l i n g  and provide 
a n t i s e i z i n g  propert ies .  
Also a hard coa t ing  t h a t  is 
corrosion and abrasion 
r e s i s t a n t .  

Reduce wear and prevent 
g a l l i n g  and s e i z u r e  of 
metals a t  high temperature 
For use  on corrosion-resis  
t a n t  and high temperature 
a l l o y  metals. is 
modified f o r  extended wear 
l i f e  i n  bearing appl ica-  
t i ons .  

Compatible 
u i t h  hydro- 
carbon f l u i d s .  

Not i o r  LOX, 
hard vaciim, 
o r  r ad ia t iun .  
OK f o r  most 
hydrocarbon 
f lu ids .  

Extreme pressure  and tem- 
pera ture  fiLm. Lube to  
reduce wear and g a l l i n g .  
Recommended f o r  use  i n  dry 
app l i ca t ions .  Good vacuum 
;n;i  racljr.t.ua proprt ie : : .  

i 

Graphi te  f r e e  f i lm  wi th  
proper t ies  similar t o  
EVERLUBE 811. 

Not f o r  LOX, 
hard vacuum, 
high r ad ia t io r  
or s t rong  oxi. 
d i z e r s .  O.K. 
f o r  most 
hydrocarbon. 
chemical, 
gases ,  e t c .  

Compatible 
wi th  LOX, 
N2O4, IRFNA, 
s t rong  oxi-  
d i z e r s ,  e t c .  
0 1.. w i t l i  
most f l i i i d s  

Not €o r  strong 
ox id ize r s ,  
N204, IRFNA 

Sol id  f i l m  containing no I Not e tc -  f o r  LOX, 
MoS2, proper t ies  s i m i l a r  t c  
811 and 812, b u t  i s  not  as 
good a lub r i can t  a s  f i lms 
with MoS2. Recommended for  
poss ib le  exposure t o  UDMH, 
N2O4, IRFNA, N2H2 (hydra- 
z ine  and aerozene f u e l s ) ,  
no t  f o r  extended endurance 

bu t  s a t i s f a c -  
t o ry  with m o s t  
f l u i d s  . 

NOTES 

Cure a t  19L"C (375°F) 
f o r  1.0 hr .  6201 cures  
121°C (250°F) i n  2.0 h r  
Usable temperatare 
range -221°C (-365°F) 
to 26OoC (500°F) f o r  
dynamic load. To 
343'C (650°F) dynamic. 

Cure 149°C (300°F) fo r  
1.0 h r .  Usable temper- 
a t u r e  range -221°C to 
260°C (-365°F t o  500°F) 

Cure a t  288°C (550°F) 
f o r  1.0 h r .  Recommende 
temperature range 316°C 
t o  538°C (600'F t o  
1000°F), a l s o  s t a b l e  
down t o  -54Y (-65°F). 

Cure a t  66°C (150'F) 
f o r  2.0 h r  plus  204°C 
(400°F) fo r  2.0 h r ,  mag 
be reduced t o  149°C 
(300°F) f o r  aluminum. 
UsabIe temperature 
range, -221°C (-365°F) 
t o  649°C (1200°F). 

Cure same a s  811. 
Usable temperaturerang 

(750'F). 
-251'C (-420°F) t o  399'1 

Cure same as 811. 
Usable temperature r a n g  
same as 811. 
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EVERLWE CORPORATION 

INLOX& 44 & 88 

ECOALUBE'~ 642 
(MIL-L-460 108) 

EVERLUBE 967 

EVERLOX 
16, 17, ti 18 

ClU2L.I ICAI. 
CUMPOSITION 

MoS2-graphite, 
phosphoric ac id  
binder ( a l s o  
a v a i l a b l e  
graphi te  i r e e )  

MoS2-m~ t a l l i e  
oxides, corro-  
s ion  i n h i b i t o r s ,  
r e s i n  binder  

MoS2-corrosion- 
r e s i s t a n t  com- 
pound--anti- 
oxidant and higt 
temperature 
binder  

MoS2, ehemicall) 
honded 

SUGGESTED USES 

Film f o r  cryogenic use,  
reduce wear, prevent 
ga l l ing .  INLOXm has good 
wear- l i fe ,  while INLOX'" 88 
i s  an a n t i s e i z e  coa t ing  
f o r  threads,  f i t t i n g s ,  
couplings, c tc .  

Sol id  f i lm has low f r i c -  
t ion ,  reduces wear, and 
good corrosion res i s tance .  

Sol id  f i lm f o r  extreme 
loads, wide temperature 
range, reduces wear, pre- 
vents  g a l l i n g  and has very 
good endurance l i f e .  

Used on a i r c r a f t ,  miss i les  
rocket  engines, spacc 
vchiclcs  and i n d u s t r i a l  
appl icat ions.  Reduces 
wear and prevents ga l l ing .  
Crjogenic luhr ieant  typ i -  
c a l  appl ica t ion :  
f i t t i n g s ,  valvcs ,  fas-  
tencrs ,  c tc .  

CUMPATlI3 1 LIn 
IBL,  FUEL ~ EZC 

LOX and most 
hydrocarbon 
f l u i d s  . 

Not LOX, bu t  
OK f o r  j e t  
f u e l ,  hydro- 
carbons, hy- 
drau l ic  f lu id :  
s i l i c o n e s ,  
e tc .  

Not LOX, 
r e s i s t a n t  t o  
hydrocarbon, 
hydraulic 
f l u i d s ,  o i l s ,  
groases. 

LOX, gaseous 
oxygcn and 
liqiiid hy- 
drogen ap- 
proved under 
MSFC-1068. 

N O B ,  > 

-- 
Cure a t  191°C (375°F) 
f o r  1.5 hr. Usable 
temperature range -240" 

t o  700°F). 
t o  371°C (-40O0F t o  

Cure a t  204°C (400°F) 
f o r  1.0 hr. Usable tcn 
pera ture  range -185°C 

500 OF). 
t o  260°C (-365OF t o  

Cure a t  66°C (150°F), 
1.0 hr .  plus 302°C 
(575°F) f o r  1.0 hr .  
Usable temperature 
range -149°C t o  399°C 
(-300'F t o  750°F). 

EVERLO:' 16, cured a t  
149°C (300°F), 1.0 hr. 
EVERLOX '17 i s  f o r  br.ish 
on where p a r t s  cannot 
be baked. EVERLOX 18 
is  a pas te  f o r  f i e l d  
and shop appl ica t ion .  
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1 
(:ION ICA14 

C(F1POS ITION 

j% lubr icant ,  
L thcrmosctting 
cs in ,  
6% organic  
a r r i c r  

YL lubr icant ,  
X r c s i n ,  
YL so lvent  

os2 p l u s  s o l i d  
ube powders and 
odi f icd  phenolic 
cs in .  

os2 plus pigment 
ubes and cpoxy- 
henol ic  r c s i n  

SU(;CESTI:D USI<S 

Baked-on dry f i l m  f o r  high 
tcmpcraturc mcdium spccd an 
heavy loads. Prcvcnts cor-  
rosion,  ga l l ing ,  s e i z i n g  an 
wcar. Uses include m i s s i l e  
and a i r c r a f t  components, 
ac tua tors ,  gears ,  journa ls ,  
bcar ings,  hingc pins ,  etc. 

Air-dry, so l id- f i lm l u b r i -  
can t  f o r  high tcmpcraturc. 
Usagc i n d u s t r i e s  include 
acrospacc, automotivc, 
machincry, household, pc t ro  
chemical, e tc .  Rccmcnded 
f o r  s l i d i n g ,  r o l l i n g  and 
ro ta t ing  surfaces .  

Sol id  f i lm has cxcept iona l l  
high Solvcnt and corrosion 
res i s tance ,  a l s o  good wcar- 
l i f c .  

Sol id  f i lm has cxcc l lcn t  
wcar- l i fe ,  corrosion and 
rc lcasc  propcrt ics .  

g raphi te  f r e e )  

:CMPATIIIII.ITY 
LOX, FUEL, ETC, 

l c s i s t  most 
iydrocarbon 
: luids  and 
anpounds. 

? h i d  rcsists 
IP-4, hy- 
Lraulic f l u i d  
:nonpct . ) , 
make f l u i d ,  
:ynthct ic  lub. 
)il, lub. o i l ,  
: i l i c o n c  
i luids ,  and 
: r ichloro-  
hthylene; no t  
,ox. 

lot LOX; re -  
Bistant to: 
iydrocarb on 
rluids, 
:asolinc, j e t  
'uel, hydraul i  
: luids ,  o i l s ,  
, i l i cones ,  ctc 

l i m i l a r  t o  
?EL-PRO C-640. 

NOTES 

Resin-bonded dry  f i lm;  
bake tcmpcraturc 260°C 
(500"F), 15 min. Fr ic-  
t i o n  c o e f f i c i e n t ,  0.07 
t o  0.11. Usable temper; 
t u l e  range, -54°C t o  
816°C (-65'F t o  1500°F) 
( l imited t o  1316°C 
(2400OF)). Vacuum s tab l i  
and good s h e l f  l i f e .  

Air-dry resin-bonded dr: 
f i lm (best  p roper t ies  
obtained wi th  hea t  cure  
1/2 hr., 260°C (500°F) 
f o r  3-1/2 hr. a t  375*F) 
F r i c t i o n  c o e f f i c i e n t ,  
0.07 t o  0.11. Usable 
temperature range, -54"l 
t o  649°C (-65OF t o  
+1200°F). Vacuum s tab l i  
and good s h e l f  l i f e .  

Cure a t  163'C (325°F) 
f o r  1.0 hr .  Temperaturi 
s t a b l e  from -54% 
(-65'F) to 260°C (500°F: 

Cure at 204°C (400°F) 
f o r  1.0 hr. Temperaturi 
s t a b l e  range is the  sami 
as C-640. 
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WFACTURER'S 
DESIGNATION 

-,I 

* 

MAGNALUBE@ 
D-4821 

MAGNALUBE~ 
D-5261 

MAGNALUBE~ 
0-801 

HI-T-LUBE@ 

, .  
.GENERAL MAGNAPLATE CORPORATION 

CHEMICAL 
CCMPOS I T I O N  

Preated aluminm 
surface im- 
pregnated with 
nagnaplate WE 
particles 

Matrix-bonded 
molybdenum sol id  
f i lm 

Dry-film lubr i -  
can t  suspended 
i n  a s u i t a b l e  
c a r r i e r  

MoS2 modified 
r e s i n  binder  

Low shear  metal- 
l i c  f i lm im- 
pregnated wi th  
MoS2 (electro-  
p l a t e )  

SUCCESTED USES 

Sl id ing  sur faces ,  d ies ,  
molds, e l e c t r i c a l  equipment 
bearings, valves, pumps, 
parer  t ransmission equip- 
nent, etc. 

Low f r i c t i o n  s o l i d  f i lm,  
prevents ga l l ing ,  se iz ing ,  
and cold welding. Good f o ~  
high temperature, high 
bearing pressure and high 
sur face  speeds. Also with. 
s tands humidity and atmo- 
spheric  condi t ions.  

Low f r i c t i o n  dry f i lm f o r  
reduced wear and p a r t s  
subjec t  t o  se iz ing  and 
ga l l ing .  Machine shop, 
t ruck  and automotive, e tc .  
Spray, d i p  o r  brush ap- 
p l ica t ion .  

Low f r i c t i o n  dry  f i lm f o r  
wide pressure range, tem- 
pera ture  and surface 
speed. Prevents ga l l ing ,  
se iz ing ,  cold welding and 
f r e t t i n g  corrosion. Break 
i n  lubr icant ,  gears ,  cams, 
p ins ,  e tc .  

A i r c r a f t  and missile par rs  
requi r ing  wide temperature 
range, high loads and 
severe environmental con- 
d i t i o n s .  Bearings, screws 
gears ,  s l i d i n g  surfaces .  
Not intended f o r  corrosion 
res i s tance  i n  warm acids .  
For high moisture condi- 
t i o n  base coa t  pre t rea t -  
m e n t  is necessary t o  pre- 
vent  moisture  break 
through. 

CCMPATIBILITY 
I.C!X, VEL, ETC 

Most hydro- 
carbon f l u i d s  
so lvents ,  o i l  
chemicals, 
C t C .  

Rcsiats  j e t  
fue l ,  avia-  
t i o n  gasol ine 
lub. o i l s ,  
petroleum hy- 
d r a u l i c  f luidr 
f l u i d s ,  and 
hydrocarbons. 

Resists 
humidity a 

o i l s  . q c a s e s  
acicls, so l -  
vents  and 
a l k a l i s .  

Impact sensi-  
tive i n  LOX. 
Not compatibl 
wi th  most 
m i s s i l e  and 
aerospace 
propel lants .  
Compatible 
with space, 
gaseous and 
l i q u i d  oxygen 
ni t rogen,  hy- 
drogen, he l iu  
and most sol- 
vents  and 
chemicals. 

NOTES 

Aluminum only: Hard 
wear-resis tant  sur -  
faces ,  g r e a t e r  abrasion 
resistance than case- 
hardened steel o r  hard 
chrome. TEE polymer 
sur face  has low f r i c -  
t ion ,  corrosion,  i m -  
proved e l e c t r i c a l  
r e s i s t a n c e  and rap id  
hea t  t ransfer .  

Heat-cured s o l i d  f i lm,  
can be appl ied t o  
fe r rous  and nonferrous 
a l loys .  Ferrous metals 
requi re  phosphate o r  
vapor b l a s t  p r e t r e a t -  
ment, aluminum anodiz- 
ing. Curing tempera- 
t u r e ,  1 2 1 ° C  t o  177°C 
(250OF t o  350°F) f o r  
1.0 hr.; 1-year s torage 
l i f e .  

Air-dry self-bonding 
dry-film lubr icant .  
Has good adhesion t o  
pre t rea ted  metal sur -  
faces. Usable tempera-  
t u r e  range, -54°C t o  

1.0 hr .  she l f  l i f e .  
May be obtained i n  
aerosol  containers .  

Heat-cured dry f i lm;  
1.0 hr., 191"c (375"F), 
f o r  trecrtcd E c t a l  sur- 
faces. 

260°C (-65'F t o  +500°F) 

Proprietary dry-film 
lubr icant  f o r  severe 
condi t ions.  Usable 
temperature range, 

t o  +lOOO°F). 
-54°C t o  5 3 8 ° C  (-65OF 
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W A C T U R E R '  S 
DESIGNATION 

CANADIZINCP * 

CHEMICAL 
COMPOSITION 

Electrodeposi ted 
porous hard 
nickel-chrome im 
pregnated w i t h  
PTFE* 

Electrochemical 
process gives  
t i t a n i m  a hard 
surface im- 
pregnated with a 
fluorocarbon 
(TFE), MoS2 o r  
graphi te ,  a l s o  
colors .  

"&WJUL MAGNAPLATE CORPORA? 

SUGGESTED USES 

?ropr ie ta ry  f i lm f o r  steel, 
i t a i n l e s s  steel, brass  and 
:opper a l loys .  Propert ies  

Vopr ie ta ry  f i l m  f o r  
:itanium, provi.dc.4 .I hard,  
:o r ros ion- res i s tan t ,  low 
Eriction surface.  Usage 
includes : a i r c r a f t ,  naval 
: r a f t  and ordnance, packag- 
ing machinery, air and hy- 
i r a u l i c  too ls ,  c tc .  

I::XFATTH I L I n  
LOX, FUEL, EX. NOTES 

F r i c t i o n  c o e f f i c i e n t  i s  
0.04. Resis tan t  to 
abrasion,  corrosion and 
most chemicals. Usable 
temperature range from 
cryogenic t o  26OOC 
(500OF). 

Proper t ies  s imi la r  t o  
TURFRAM@ and NEDOX*. 
Usable temperature rang 
from cryogenic t o  371°C 
(700°F). 

k Can be  used f o r  bu i ld  up of worn o r  undersized dimension. A l l  add t h e  c h a r a c t e r i s t i c  
q u a l i t y  of  increased sur face  hardness of the  bare  m e t a l .  
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UNUFACTURER' S 
DESIGNATION 

HENDERLUBE 402A 
(MIL-L-8937) 

HENDERLUBE 4628 

HENDERLUBE 413 
(MIL-L-46010) 

CHEMICAL 
C ~ P O S I T I O N  

~~ 

?os2 1 graphi te  I 
l u b r i c a t i v e  a n t i  
oxidants; modi- 
f ied  phe6olic 
r e s i n  binder  

$oS2/graphitel 
n e t a l l i c  salts;  
thermosetting 
s i l i c o n e  r e s i n s  

Jompounded 
thermosetting 
d r y  f i lm;  (no 
graphi te  o r  
powdr8rcd metal) ,  
nodified epoxy 
resin.  

11. A. HENDERSON COMPANY 

SUGGESTED USES 

Sliding sur faces ,  s p l i n e s ,  
bo l t s ,  nu ts ,  threaded p a r t !  
an t i se ize .  Use on i e r r o u s  
ne ta l s ,  nonferrous meta ls ,  
f i b r e  and p l a s t i c s ,  g l a s s  
and ceramics; usable a t  h i (  
speed and loads. 

Medium high-heat dry f i l m  
for  temperature range 

f85O0F) ; prevents g a l l i n g ,  
se iz ing ,  wear and corros-  
ion. S i m i l a r  appl ica t ions  
t o  1ENDERLUBE 402A. 

-73'C t o  454°C (-100°F t o  

For bearing and s l i d i n g  SUI 

faces. Propert ies  a r e  
s imi la r  t o  402A, hut  has 
s l i g h t l y  b e t t e r  wear- l i fe  
and corrosion res i s tance .  
Very good coa t ing  f o r  s t e e  
carbon and s t a i n l e s s ,  and 
i s  replacing 402A on these 
surfaces .  

CCMPATIBILITY 
LOX, FUEL, ETC 

LOX r e s i s t a n t  
marginal - no1 
recommended. 
Resis tant  t o  
hydrocarbons, 
solvents ,  hy- 
d r a u l i c  f l u i d ,  
o i l s ,  greases ,  
e rc .  

Not recamendc 
f o r  hydro- 
carbons, sol-  
vents ,  and 
s i m i l a r  items 

Same as 
NENDERLUDE 
4028. 

NOTES 

Good wear- l i fe  and cor- 
ros ion  r e s i s t a n c e .  
Usable temperature rang 

t o  500"F), c u r e  a t  149' 
(300"F), 30 min. Dry- 
f i lm coa t ing  w i l l  no t  
support growth of fungi 
o r  mold (MIL-E-5272A). 

Has good high tempera- 
t u r e  proper t ies ,  but  i s  
no t  f u e l  o r  solvent  con 
pa t ib le .  Cured a t  
260°C (500'F). 

-73°C to 260°C (-100OP 

Cure a t  177°C- (350'F) 
f o r  1.0 hr .  See note  
f o r  HENDERZUBE 402A, 
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I--- 
MANUFACTLIRRTR ' S 

DESIGNATION 

H O I W N  PTATING AMD MANUFACTURLIJC TNC . 

elm ICAI, 
cmtros i x m  

MoS2 modified, 
r e s i n  bonded 

TFE pisment 
phenolic r e s i n  

TFE pigment, 
modified alkyd 
binder 

Matrix-bonded 
f i lm  containing 
MoS 2 

Lubricant pig-  
ment i n  an a i r -  
drying r e s i n  

MoS2-lube pig- 
ments i n  an 
inorganic  binder 

MoS2-lube pig-  
ments i n  
polyimide binder 
(no graphi te )  

MoS2-lube pig-  
ments, r e s i n  
bonded (no 
graphi te  o r  
powdered m e t  a 1 s ) 

Economical film, excc l len t  
where l a r g e  q u a n t i t i c s  of 
small  p a r t s  are coated by 
dipping o r  tumbling. May 
also be sprayed o r  brushed. 
Prevents sei/i,ij.,, cold 
wrlding, f rc tLing,  corrosi  or 
and has very good wenr- t i f (  

1.m tempcrnture cure  f i lm ,  
has  exce l len l  adhesion and 
corrosion r e s i s t ance .  

Wnicr despers ih lc  dry C i l n i  
l o r  use on i,lnstcmeric 
p a r t s  and  $,here f laxi!>1 lit) 
is reqtiirr*d (i.e., ' 0 '  
r i n g s ,  scnls,  e t c . ) .  

E 1 i minat e s r,a 1 l i  11 F, , se 1 I i ng 
r o l d  wclding, prrvrn:": 
f r r t t i n g ,  cor ros ion  and 
l u b r i c a t e s  under ,xtrmp 
pressure  and tcmperaturcs. 
May be used at high sur-  
f ace  speeds. 

Film f o r  bcariiig or rithbing 
su r faces ;  has good adhesion 
and l o w  f r i c t i o n .  Prevents 
wear, sc iz jng  and ga l l ing .  
Uses jnclude:  ass~in1)ly 
l i n e ,  machine shop, nuto- 
motive, halting, house and 
o i f i c e  equipment. 

Nonf I nnmah1-e I i l i n  fr:r 
?ppl ica t ion  i n  n vaciiwn or  
liquid oxy;;en. 

Superior endurance l i f e  ove 
wide tempcrature range up 
t o  399°C (750°F) iisc on 
s tee l ,  s t a i n l e s s  s t e e l  and 
anodizcd a1 uiiiinum. 

Matcrial llas cxce l l cn t  
adhesion and corrosion 
proper t ies  over a rrariety 
of m a t e r i a l s ,  .iild e x c r l l r n t  
wcar - l i fe  over i i  wide range 
of condi t ions,  and cnvircin- 
ments i n c l ~ ~ c l i i i ~  speed 
ranges and 1oad.i. 

R e s  i s ran t t 
humidity, 01 

greases, s( 
ven t s ,  acid: 
dnd ii lka 1 is. 

R e  i s t s  

lryclrauli~ 
f l u i d s ,  o i l :  
most solvent  
(no t  esters 
and hvtoncs' 

ksi . ; tant .  t c  
o i l s ,  h y d r a u  
f l u i d s  , t. t - .  

Compa t i b 1 e 
w i t h  hydro- 
carbon f luic  

R e s i s t a n t  t ,  

hydrocarbo-it 
av ia t ion  Fa: 
petroleum 
hydra1 1 i c 
f l u i d ,  lubri  
c a t i n $  o i  1 s , 
jet f w l .  

Poor - o r r w  i 
r e s i s t ance .  

Resistaiit t< 

1iyclrorarl:oll~ 
hydraul ic  
f l u i d s ,  j e L  
f u e l ,  si 1 i c% 
fluids 2nd 
s i m i l a r  
n'iltrr i n l .  
- ~ I I  

-- 

NOTES 

Cure a t  204°C (400°F) 
f o r  1.0 h r .  

Cure a t  149°C (?OC"f) 
for 1.0 h r  Corltinuoi- 
operaLing t m p e r a t u r e  
l i m i l  177°C ( 3 : " F j ,  
shorL dura t ion  7 ini r 
204°C (403°F). 

Cure a t  149°C (300"r) 
1.0 h r .  

Cure n t  L77OC (350°F) 
fo r  1.0 h r .  

Air-dcy i n  30 i n i i i .  rI- 
cured a t  149°C (KJ0"F) 
15 min. Usable tem- 
pera ture  range -54°C 

500°F). Availahlc i n  

t a i n c r .  

t o  260°C (-65°F t o  

hxlk or  . l € ~ r ( J S O l  ~ 9 1 1 -  

Espc-rial l y  recamended 
ro r  temperature range 
204°C (400°F) t o  371°C 
(700°F) 2s Imsc rn.ifcr i.3 

w i L L  s tand cure. Cure 

and 288°C (550°F), 
1.0 h r .  

a1 93°C (L003F), 1.0 hr 

Air-dry 3 0  mjn, t he  
cure  a t  204°C (400°F) 
f x  1.0 hr .  Lsahle  
twpera t r i re  raiige - X0<' 

(500°F). 
(-6f)OF) F O  26Ci"C 
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HOHMAN PLATING AND MANUFACTURING, INC. 

I 
SUGGESTED USES 

CFUX ICAI, 
CCMI’OSITION 

MoS2 and o t h e r  
l u b r i c a t i n g  p ig-  
ments i n  organic  
r e s i n  (similar 
t o  AFSL-Cl) 

Good lubr icant  for titaniurr 
Good f o r  f i e l d  appl ica t ion  
where baking is  not possi-  
b l e  and performance a t  
high temperature i s  
required.  Good adhesion 
and f l u i d  res i s tance .  

ZD4I’ATIBTLITY 
LOX, FUEL, ETC. 

- 

NOTES 

Air-dry 72 h r ,  provide 
maximum endurance life 
film usable  t o  316°C 
(600’F). 
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CHEMICAL 
COMPOSITION 

Zhemically 
bonded inorganic 
so l id  dry f i lm 
lubr icant .  (No 
vitreous o r  
ceramic b inder ) .  
Lubricant con- 
s t i t u e n t s  are 
controlled par- 
t i c l e  s i z e  of 
MoSp, graphi te  
and severa l  
others.  

Inorganic dry 
fi lm lubr icant ,  
e lec t rophore t ic  
binder system 
(s imi la r  t o  905) 

Similar t o  905 

Similar t o  905 

LUBECO, INCORPORATED 

SUGGESTED USES 

Primarily as an a n t i f r i c -  
t i on  coating t o  reduce wea 
prevent ga l l i ng ,  scoring, 
se iz ing  or abrasion on 
Eerrous and nonferrous 
material  subjec t  t o  s l i d i n  
or r o l l i n g  contact.  Used 
on spher ica l  b a l l  and 
sleeve bearings.  Screws, 
cams, b o l t s ,  fas teners ,  
coupling, s h a f t s ,  e tc .  

Long wear-life under high 
loads and low speeds a t  
elevated temperature 
(higher than 905). P a r t i c  
u l a r l y  successful on 
t i tanium. 

Extremely high temperature 
res i s tance .  Wear-life i s  
s l i g h t l y  lower and f r i c t i o  
i s  a l i t t l e  higher than 
2123. 

Dry f i lm i n e r t  t o  most any 
chemical a t t ack :  fue l s ,  
ox id izers  and aggresive 
chemicals. Good wear-life 
and lub r i c i ty .  

COMPATIB ILITY 
LOX, FUEL, ETC 

ABMA-LOX' 
impact s ens i -  
t i v i t y  test ,  
vacuum hydro- 
carbon, f l u i d  
e t c .  Not 
compatible 
with most 
propel lan ts  
f o r  miss i les  
and aerospace 
hydrazine 
N2O4, e t c .  

Res is t  chemi- 
c a l  a t tack  
b e t t e r  than 
most inorgani 
lubr icants .  
Used in  LOX, 
l i qu id  hydro- 
gen and hard 
vaccum. 

Similar t o  
LUBECO 2123. 

May be used 
with hydrazin 
UDMH, mono- 
methyl hydra- 
z ine ,  LOX, 
I W A ,  n i t r o  
gen te t roxide  
hydrogen 
peroxide, 75% 
n i t r i c  ac id ,  
and d ie thyl -  
tramine. 

NOTES 

Slow chemical bond is 
acce lera ted  by hea t  
s t a b i l i z i n g  204°C 
(400.F) . ~ c r t c e l  and 
263°C (325OF) on 
aluminum. Temperature 
range -269°C (-452OF) 
t o  260°C (500'F). 

Cure same a s  905. Usab 
temperature range -269"t 
t o  427°C (-452°F t o  
800°F). Very low 
f r i c t i o n  f i lm.  

Cure same 4s 905. Usab 
temperature range 

t o  1200°F) f o r  prolonge 
exposure and t o  816°C 
(1500°F) f o r  shor t  
periods.  

Cure same a s  905. 

-269°C t o  649°C (-452'1 

AIII-25 



This page intentionally left blank, 

AIII-26 



MICROSEAL CORPORATION 

I 

I 

ANUFACTURER' S 
DESIGNATION 

[CROSEAL 100-1 

LCROSEAL 200-1 

LCROSEAL 300-1 

CHEMICAL 
CaMPOSITION 

8% Pure g r a p h i t e  
i g h  h e a t  
norganic  b i n d e r  
p r o p r i e t a r y )  

os2 and h igh  hea 
norganic  b i n d e r  
p r o p r i e t a r y  ) 

ungs ten  d i s u l f i d  
i g h  h e a t  i n -  
rganic  b i n d e r  
p r o p r i e t a r y )  

SUGGESTED USES 
CaMPATIBILITY 
LOX, FUEL, ETC 

l i d i n g  s u r f a c e s ,  r o t a t i n g  
nd o s c i l l a t o r y  mechanical  
ardware. P r o t e c t i v e  c o a t -  
ng i n  h i g h  thermal  a r e a .  
hermal range:  A i r  -240°C 

acuum 1.33 x N/m2 loq9 
o r r  1482°C (2700°F). Can bc 
p p l i e d  t o  m e t a l s ,  p l a s t i c s ,  
ubber ,  etc. 

o 1093OC (-400°F/+20000F) ; 

'L iquid  oxygen 
unsymmetrical. 
D i m e  thy1  hydra 
z i n e  , n i t r o g e n  
t e t r o x i d e ,  
l i q u i d  n i t r o g e  
f luor ine ,water  
h y d r a u l i c  f l u i  
g r e a s e ,  s i l i -  
cone s a l t  s p r a  

i m i l a r  t o  MICROSEAL 100-1 S i m i l a r  t o  
xcept  f o r  thermal  range:  PICROSEAL 100- 
i r  371OC (700'F) (max.); 
acuum 1.33 x l o w 7  N/m2 
0-9 t o r r  760 (1400°F). 

i m i l a r  t o  MICROSEAL 100-1 S i m i l a r  t o  
xcept  f o r  thermal  range:  MICROSEAL 100- 
i r  482'C (90O0F) ( m a x ) ;  
acuum 1.33 x 10-7 N/m2 

t o r r  760°C (1400°F). 

NOTES 

lon toxic ,  noncorros ive  
.mpinged s o l i d  l u b r i c a n t  
i p e c i a l  s p r a y  a p p l i c a t o i  
.equired.  Cure c y c l e  
r a r i a b l e  depending on 
i p p l i c a t i o n :  room t e m -  
> e r a t u r e  7 days;  h e a t  
' u r e ,  15 min. a t  room 
.emperature ,  and 232OC 
:45OoF) f o r  1.0 h r .  

l i m i l a r  t o  MICROSEAL 
.oo-1. 

l i m i l a r  t o  MICROSEAL 
00-1. 
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MlDWEST KESEARCH 1NS'TT.TU'I'E 

ANUFACTWR' S 
DESILXATION 

MEL-1 

AFSL-28 

AFSL-29 

MLR- 2 
(50M60434) 

MLF -5 
(MSFC 502) 

MLF-9 
(MSFC 253) 

MLR-66 

c Ill34 ICAl , 
cmros I n n N  

40s 2 
(DC -sputtering) 

Calcium f l u o r i d e  
barium f l u o r i d e ,  
aluminum 
phosphate 

2alcium f l u o r i d e  
barium f l u o r i d e  , 
nagnesium 
Cluor ide ,  
a luminum 
phosphate 

YoS2 and Sb2O3, 
polyimide r e s i n  

vloS2, g r a p h i t e ,  
3old,  sodium 
s i l i c a t e ,  water 

YoS2, g r a p h i t e ,  
>ismuth,  sodium 
s i l i c a t e ,  w a t e r  

qoSg, SbzO3 
PO lyphenylene 
s u l f i d e - a l c o h o l  

SUGGESTED USES 

Experimental  s p u t t e r e d  f i l r  
p r i m a r i l y  f o r  u s e  on b a l l  
bear ing  o r  o t h e r  a p p l i c a -  
t i o n  r e q u i r i n g  ex t remely  
t h i n  f i l m .  May be  used 
i n  vacuum. 

High tempera ture  f i lm 
dcveloped f o r  u s e  a t  538°C 
(1000°F) i n  a n  a i r  envi ron  
ment, where b e s t  f r i c t i o n  
and wear p r o p e r t i e s  a r e  
obta ined .  Best on Ni-basel: 
a l l o y s .  Developed on an 
A i r  Force Labora tory  
Cont rac t .  

High tempera ture  f i l m  t h a t  
i s  s i m i l a r  t o  AFSL-28, bu t  
c u r e s  a t  lower temperature  
and h a s  lower f r i c t i o n .  
Has very good load c a p a c i t  
and w e a r - l i f c .  Also de-  
veloped on an A i r  Force 
Labora tory  Cont rac t .  

For  s e v e r e  w e a r - l i f e  and 
e l e v a t e d  tempera ture  u s e .  
Has a c c e p l a b l c  outgass ing  
and e x c e l l e n t  r d i a t i o n  
p r o p e r t i e s  moderately 
high f r i c t i o n .  

Good f o r  h igh  temperature  
and l o a d s .  Developed f o r  
LOX compatible  f i l m .  May 
be  used on b a l l  and r o l l e r  
bea r i  ngs . Exc e 1 1 eiit 
r a d i s t i o n  and s a t i s f a r t o r y  
ou t g a s s i n g  propf*rt i f s . 

LOX compatible  f i l m ,  less 
expensive than  MLF-5. Has 
high load capaciLy,  buL 
o t h e r  p r o p c r t i c s  a r e  
lower t h a n  MLF-5. 

New exper imenta l  f i l m  has  
very  good load c a p a c i t y ,  
w e a r - l i f e  and h igh  temper- 
a t u r e  p r o p e r t i e s .  

CmPA?IUILIn 
LOX, FLTL, ETC 

Good outgas-  
s i n g  proper -  
t ies .  

No f l u i d s ,  
use  dry .  

No f l u i d s ,  
use  dry .  

Hydrocarbon 
f l u i d s  and 
gaseous 
oxygen. 

LOX and 
gaseous oxyge 
Not w i t h  
f l u i d s .  

Same as MLF-5 

Use d r y .  

__------ 

N O E S  

Usable  tempera ture  
range  (a i r  o r  vacuum); 

399°C (750°F). 
-73°C (-100°F) t o  

Cure a t  925°C (1697"Fj 
f o r  1.0 min. Usable  
tempera ture  range  i n  
a i r ;  21°C (70'F) t o  
816°C (1500°F) and i n  
vacuum; -22°C (70'F) 
t o  > 538°C (> 1000°F). 
R e l a t i v e l y  h igh  f r i c -  
t i o n .  

Cure a t  750°C (1382°F) 
f o r  1.0 min. Usable  
tempera ture  range  i n  
a i r ;  21°C (70°F) t o  
649OC (1200°F). 

Ai r -dry  30 min, t h e n  
c u r e  ; 149°C (300"F), 
1 . 0  hr. p l u s  302'C 
(575"F), 1 . 0  h r .  
Usable  from low 
tempera ture  t o  260°C 
(500°F). 

Ai r -dry  30 min, t h e n  
c u r e  82°C (180"F), 
2.0 hr. and 149'C (300"E 
8 . 0  h r .  Usable  temper- 
a t u r e  range  ( a i r  and 
vacuum); -73°C (-100°F) 
t o  538OC (1000°F). 

Ai r -dry  30 min, then  
c u r e  82°C (180"F), 
2 .0  hr. and 149°C (300"E 
2.0 h r .  Usable  temper- 
a t u r e  range ( a i r  or 
vacuum) -73°C (-100°F) 
t o  371°C (700°F). 

Cure a t  93°C (200°F) 
f o r  1 . 0  hr. and t h e n  
371°C (700°F) 30 min. 
Usable  from room t e m -  
p e r a t u r e  t o  427'C 
(800°F). 
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I .- . . 

$.VITRO-LUBE 
(NPI-1220) 

NPI-14 
(MIL-L-8937) 
(MIL-L-22273) 
(MIL-L-25504) 

NPI-425 

NPI-5 

NPI-2500 
(MRIONITE) 
(AFSL-28) 

I 
* Applied only by NPI. 

CCPIPATJ ti IJ.1W 
LOX, FUEL, ETC. 

C!LEEIICAI. 
CRIPOSITION SUGGESTED USES 

ended f o r  dry  s u r f a c e s .  

2nd p l a t i n g s .  Developed 
Can h e  a p p l i e d  t o  most metal 

the  XB-70 a i r p l a n e .  1 
3S2/graphi te ,  
3 d i f i e d  phenol 
? s i n  

Corrosion r e s i s t a n c e  and R e s i s t a n t  t o ;  
i c  good w e a r - l i r e .  For  h igh  hydrocarbons,  

and low loads .  For b e a r i n g  gas, h y d r a u l i c  
.ind s l i d i n g  s u r t a c e s .  f l u i d ,  t u r b i n e  

f u e l ,  o i l ,  
s i l i c o n e s ,  and 
Some s o l v e n t s .  

I ~ n t s  o r  i n  contaminated 
nvironments. 

e s i n  

oS2, g r a p h i t e ,  Dry r i l m  good f o r  h igh  lo.id 
o l d ,  sodium condi t ion .  May be used with 
i l i c a t e ,  water  LOX and gaseous oxygen. May 

be used on b a l l  and r o l l e r  
bear ings .  Should h e  iised 
dry  and n o t  wi th  nLher l u b r i  
c a n t s .  

a lc ium f l u o r i d e ,  High tempcra tu ic  film d r -  
arium f l u o r i d e ,  veloped f o r  use a t  538'C 
luminum phosphate(1000"F) i n  a i r .  Works h c s t  

cm nicke l -hascd  a l l o y s .  
B r s t  f r i c t i o n  and xwar prop- 
L r t i c s  a r e  i n  a i l .  

LOX and gaseou 
oxygen. Mot 
with  f l u i d s .  

No f l u i d s .  

NOTES 

Dry f i l m  l u b e  f o r  h igh  
tempera ture  and loads .  
Requires  s u r f a c e  prep-  
a r a t i o n  and  c r i t i c a l  
a p p l i c a t i o n  technique ,  
c u r e  a t  524OC (975"F), 
1.0 min. 

I leat  cured  s o l i d  f i l m  
lube ,  r e s i n  bonded. Bakc 
tempera ture  149°C (300°1 
1.0 h r .  

A i r  d ry  30 min. and 
cured  a t  149OC (300"F), 
1.0 h r .  p l u s  302OC 
(575OF) f o r  1.0 h r .  
Usable t o  260°C: (500°F) 
I d e n t i c a l  t o  NASA fonnu 
MLR-2, l i c e n s e d  and 
marketed by NPI. 

A i r  d r y  30 min. and curt 
a t  82OC (180°F) f o r  2.0 
h r . ,  then  149°C (300'F) 
f o r  8.0 h r .  I d e n t i c a l  
t o  NASA formula MLF-5, 
l i c e n s e d  and marketed 
by NPI. 

Cure a t  925°C (1697°F) 
[or  1.0 min. Usable  
tempera ture  range;  a i r ,  
21'6 (70OF) t o  816OC 
(1500"F), i n  vacuum. 
21°C (7O0F) t o  > 538OC 
(> 1000°F) 

AIII-31 



This page intentionally l e f t  blank, 

AIII-32 



('11111 l(*,\l. 
t'(k'lL'O5 I I l ( l N  

1cndi.d dry  I I tin 
;onL.iins M o S p ,  
r.ipli i t I , ,  o tliet-5) 
id small  antolint 
I a i r - d r y  r e s i n  

Irriilar t o  I 'OXY- 
3BE 330, brrL c n n  
r i n s  more r c s i n  

lcnded d r y  f i l m  
2ont. t i  n s  MoS2, 
raph i t e  , or lie 1-s) 

nd Iivat cured  
- s i n  

imi la r  ltihe b len  
:> POXYLUBE 500 
u t  has  rnorr r e 5 i  

x 7 
SIJGCI'5 11.1) USIZS 

i i d inp ,  and r o l l i n p ,  c ~ t n t a c t s  
ic l t inery  break- in ,  \crews,  
x r  t r a i n s ,  T - s l o t s ,  h o l t 5  
n i v c r s n l  j o i n t s ,  l a t r h c s ,  
x l i a n i c a l  mechanisms, grn-  
m l  purpose l i tbe ,  c t c .  

S i m i l a r  Lo POXYIUBE 330 

i m i l a r  t o  POXYLUBE 130 and 
7 0  but  has  more wear 
t r e n g t h ,  adhes ion  and c l t em-  
;a1 r e s i s t a n c e .  

i m i l a r  t o  POXYLUBE 500 b u t  
l i f i h t l y  improved p r o p c r t i e ~  

AIII-33 

Pa i n  t - 1 i k c  d r y -  F 1 l m  tlia t 
a i r  d r i e s  i n  30 min. 
Good shclr  s t o r a g c  l i f e .  
Spray,  d i p ,  o r  brush  
a p p l i c a t i o n ,  some a g i t a -  
t i o n  r e q u i r e d .  Usablc 
Lrrnperature -212OC 

( Z O O O F ) .  

ksists mois- S i m i l a r  t o  POXYLlJBE 330, 
u r e  a n d  some a i r  d r i e s  i n  2 4  h r .  
uels and s o l -  S o l u b l e  i n  a l c o h o l  o r  
e n t s .  s h e l l a c  t h i n n e r .  

lot LOX o r  Improved p r o p e r t i e s  over  
ockrst f u e l  b r i t  POXYLUBE 330 and 120.  
lost hydro- Reat  c u r e  c y c l e  1$9"C 
arhon [ lu ids  (300°F), 1.0 hr .  Usable 
lid s o l v e n t s ,  t empera ture  rangc -212°C 
n t  as good as to 31EOC (-350°F/+600'F) 
OXYLUHE 750. 

k s i s t a n t  t o  S i m i l a r  t o  POXYLUBE 500. 
o l v e n t s ,  gaso- Cure c y c l e ,  191'C (375°F 
i n c ,  h y d r a u l i c  1.0 h r .  Usable tempera- 
l u i d s ,  o i l s ,  t u r e  range -212Oc t o  
t c .  26OoC (-350'F t o  500OF). 

(-350'F) t o  about  91OC 
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bYWUFACTUKER'S 
DESIGNATION 

Microfine MoS2 
and s i l i c o n  r e s i n  
binder 

PT-14* TECHLUBE 

Sol id  f i lm  lube f o r  s l i d i n g  
and r o l l i n g  sur faces  under 
moderate loads 13.79 x lo7 
N/m2 (20,000 ps i )  and high 
temperature; - 7 3 T  t o  538°C 
(-100'F t o  1000'F) 

PRODUCT TECHNIQUE, INC. 

CllEMICAL 
CaMPOSITION SUGGESTED USES 

MoSg, propr ie ta ry  
c a r r i e r  and 
drying agent 

Microfine MoS2 
and graphi te ,  
r e s i n  binder 

General use; machine too l s ,  
p l a s t i c s ,  food handling 
equipment, mechanisms, e t c  
For extreme tcmperature and 
pressures 275.8 x 107 N I ~  
(400,000 p s i ) ;  temperature 
range, -54°C t o  260°C (-65" 
t o  500°F). 

Microfine MoS2, 
r e s i n  binder 

Sol id  f i l m  lube f o r  r o l l i n g  
and s l i d i n g  sur faces ,  medila 
load 27.58 x lo7 N/m2 
(40,000 ps i )  and high speed 
Temperature range -73% t o  
2aoc (-1000~ t o  5 5 0 0 ~ ) .  

Solid f i lm  f o r  r o l l i n g  and 
s l i d i n g  sur faces .  Usage 
similar t o  PT-14 wi th  h ighe  
load limits 41.37 x lo7 N / d  
(60,000 ps i ) .  Temperature 

' range, -184'C t o  260'C 
(-300'F t o  50O0F). 

Microf i ne  MoS2 
and multipolymer 
r e s i n  binder 

General use lube,  load 
capac i ty  20.69 x lo7 N/m2 
(30,000 p s i ) ;  temperature 
range, ~ 5 4 ° C  t o  260°C 
(-65OF t o  500'F). 

I- 
)at provides good cor ros ion  r e s i s t ance  f o r  Tcc 

C~PATIBILITI 
LOX, FUEL, ETC, 

Not LOX o r  fue 
res is  tant. 
Moderate cor- 
ro s ion  resist- 
ance. 

Same as PT.-14. 

Simi lar  t o  
PT-14. 

S i m i l a r  t o  
PT- 14. 

S imi la r  t o  
PT-14. 

.ube lubes. 

NOTES 

Heat cure; 163°C (325OF) 
1.0 hr.  spray, d i p  o r  
brush appl ica t ion .  

Heat cure;  163°C (325OE 
1.0 hr,  spray, d i p  o r  
brush appl ica t ion .  

Heat cured; 249% 
(480°F), 1.0 hr.  spray, 
d i p  o r  brush applica- 
t ion .  

Air-dry; spray, d ip  o r  
brush appl ica t ion .  

Air-dry. Aerosol spra3 
SPRAY) 

* PT-14 prime 
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SANDSTROM PRODUCTS COMPANY 

SUGGESTI:D USES 
A?JL:FACTLRER'S 
DESIGNATION 

Sandstrom 9A 
(MIL-L-461010 A 

Sandstram 26A 
(RIAPD 703) 
(MIL-L-46147MR) 

Sandstrom 
Hi-T-650 

CILfE( ICAL 
CCEfPOSLTION 

nos2, antimony 
t r i o x i d e  and d i -  
b a s i c  lead  phos- 
phate  i n  epoxy- 
phenol ic  r e s i n  

MoS2 and cor ro-  
s ion-  i n h i b i t i n g  
pigments, lacquer 
l i k e  a i r - d r y  
b inder  (epoxy) 

MoS2 and cor ro-  
s i o n - i n h i b i t i n g  
pigment, modi f ie  
s i l i c o n e  b inder  
(conta ins  no  
g r a p h i t e )  

Dry f i l m  lube for s l i d j n g  
s u r f a c e s ,  h igh  temperature  
and loads .  Provides  wear- 
l i f e  and c o r r o s i o n  pro tec-  
t i o n .  Ordnance equipment, 
t h r e a d s ,  p i p e  f i t t i n g s ,  
high p r e s s u r e  s e a l s ,  h e l i -  
c o p t e r  s h a f t s ,  e t c .  May 
be used i n  vacuum a s  f i l m ,  
has  no o u t g a s s i n g  a t  
1.33 x loe6 N / m 2  
(10-6 t o r r ) .  

P r o p e r t i e s  are s i m i l a r  t o  
9A. This m a t e r i a l  is  good 
a s  a f i e l d  or touchup 
c o a t i n g  where h e a t  c u r e  
f i l m  cannot  be  a p p l i e d .  
W i l l  s t and  loads exceeding 
6.895 x LO8 (100,000 p s i ) .  

Developed f o r  h igh  temper- 
a t u r e  use  260°C-399"C 
(500°F-750"F). Provide 
long wear-life a t  temper- 
a t u r e  above l i m i t s  of 9A 
or 2 6 ~ .  L u b r i c a t i n g  
prcjper t ies  and load capac- 
i t y  a r e  s i m i l a r  t o  26A. 

R e s i s t a n t  t o  
"LOX," j e t  
f u e l ,  r o c k e t  
f u e l s ,  a c i d s ,  
a l k a l i s  and 
d e g r e a s e r s  .' 

Same a s  9A. 

Not f o r  f l u i d  
o r  f u e l s .  

NOTES 

Heat cured  d r y  f i l m  
lube.  Cure a t  149°C 
(300°F), 2 h r .  P a i n t -  
l i k e  lube,  can b e  
brushed,  dipped or 
spray  a p p l i c a t i m .  
Opera t idg  range -196°C 
to 2bOOC (-320°F t o  
500'F). 

Air-dry  f i l m .  Operating 
range ,  -196°C t o  149°C 
(-320'F t o  300'F). 

Air-dry 72 h r .  Can be 
cured  a t  249°C (480'F) 
f o r  1.0 h r .  T h i s  f i l m  
is based on A i r  Force 
M a t e r i a l  Laboratoiy 
development of AFSL-41. 
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AIV - MANUFACTURER SUPPLIED AJ?PLICATION DATA 
FOR SOLID LUBRICANTS 

AIV 



PRODUCT NAME 
OR CODE 

1 PRODUCT NAME 
OR CODE 

SPECIFICATION 
CCNPOSITION: Lubricant 

BinderfCarrier 

APPLICATION: Brush 
Dip o r  Tmble 

- Spray 
CURE CYCLE: A i r  Dry 

Heat 
Temp I Time 

CCNPATIBILITY: LOX 
% w n  (gas) 
Rocket Fuel 
J e t  Fuel 
Hydrocarbon 
Solvents 

RADIATION PROPERTIES 

OUTGASSING PROPERTIES 

USABLE TEMP. A i r :  (high) 
(low) 

Vacuum: (high) 
(low) 

LOAD CAPACITY: Force 

Test Method 

WEAR-LIFE: Load 
Test  Method 
Time 
Test Cond. 

FRICTION COEF.; STATIC, A i r  

DYNAMIC, A i r  
Vacuum 

Vacuum 
ELECT. CONDUCTIVITY 

CORROSION RESISTANCE 

VACUM WT. LOSS, N/m2 
mg/cm2 
Vacuum 
Time 

USES: Rubber & Plas t ics  
ON: Wood, Leather, Fibers 

Glass & Ceramics 
Metals 

TYPICAL USES: Gen. Purp. Lub. 
Fre t t ing ,  Galling, Seizing 
Cams, Gears, Sl ide Surf. 
Rolling Surf. 
Release Agent or  Metal Work 

NOTES : 

V.G. - Very Good 

H - Medium 
P - Poor 
L - Limited o r  Low 
- - No Data or Not 

Applicable  
X - S a t i s f a c t o r y  

G - Good 

ACHESON COLLOIDS COMPANY 
RELEASE COATING 
No. 7 DAG@ 154 DAG@ 244 

- - 
MoS2 and Additivo CFE Telcnner Graphi te  

"Freon" Isonropvl  ~ l c o i ~ o l  Resin Bond 
20%- Soyid 

No X X 
No X X 

Best X - b r o s o l  Can 
!-3 Min. Yes A i r  Dry, 10 nun. 

N o  NO 149 *C (300 OF) - f o r  1.0 Hr. 

- Batch T e s t  - 
Batch T e s t  - - - 

- - L 
L L L 
L L L 
- - 
- - - 

?60°c (500'F) 204°C (40OoF)1' - - 
- - - - - 

Low Load and M - G Varying 15,568 N (3,500 
Low Speed w i t h  t L l m  l i f e  - l h )  Falex 

L 2,802 N (630 l h )  4,448 N (1,0001b - Alpha Tcs te r  Falex 
- 1.0 Hr.  190 Min. 
- 7.9 m. (26  f t fmin)  Amb ien t 
L L L 

0.09 t o  0.19 0.15 L 

' 

- - - 

I I 

L L G I I 

X X 

X X I ;  
X I X I X 
L X X ~ 

X X 
X X 
L X 
X - 

Nonstaining and Conductive l u b r i  
nonoi ly  d isper -  c a n t s h a v e  exce l -  
s ion .  A t  temper- l e n t  f i l m  fonninl 
a t u r e  above 299°C proper t ies .  Have 
(570'F) toxic and many uses inc lud  
i r r i t a t i n g  vapors  i n g  assembly and 
w i l l  be  re leased .  "run-in" o f  O.E.1 

i tems 1/ May be 
used t o  454°C 
(850°F) f o r  lim- 
i t e d  per iods.  

X 
X 
X 

Meets load and 
endurance s p e c i -  
f i c a t i o n s  f o r  MI 
L-8937, and h a s  
good cor ros ion  
r e s i s t a n c e .  Ap- 

, p l i c a t i o n s  in- 
c lude a i r c r a f t  
f a s t e n e r s ,  brake 
scrcw asscmhlies  
vcnding machines 

DAG@ 250 

- 
MoS~/Graphi te  

Phenol ic  Resin 
42% S o l i d  

- - 
X 

149'C (300'F) 
1.0 Hr .  

- 

204°C (400'F) 

M 

- 
2,802 N (630 l b .  
Alpha T e s t e r  

150 Hr. 
7.9 m.(26 f t /min  

L 

0.01 
- 

G 

X 
X 
X 
X - 

Good adhesion,  
hard  f i lm.  Good 
.corrosion prop- 
e r t i e s .  Moderat 
load and speed 
a p p l i c a t i o n s .  
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ACHtSON C'QL.!.OIDS COMPANY 

x 
X 
X 
X 
X 

OR CODE 

PROPERTIES 

- L X 
X X 

X X X 
X X X 
X X X 

SPECIFICATION 
C(MPOSITI0N: Lubricant 

Binder /Carrier 

APPLICATION: Brush 
Dip o r  Tumble 
Spray 

C U R E  CYCLE: A i r  Dry 
Heat 
Temp/Time 

C(MPAT1BILITY: LOX 
Oxygen (gas) 
Rocket Fuel 
Jet  Fuel 
Hydrocarbon 
Solvents 

RADIATION PROPERTIES 

OUTGASSING PROPERTIES 

USABLE TEMP. A i r :  (high) 
(low) 

Vacuum: (high) 
(low) 

LOAD CAPACITY: Force 

Test  Method 

WEAR-LIFE: Load 
Tes t  Method 
Time 
Test  Cond. 

FRICTION COEF.; STATIC, A i r  

DYNAMIC, A i r  
Vacuum 

Vacuum 
ELECT. CONDUCTIVITY 

CORROSION RESISTANCE 

VACUUM WT. LOSS, N/m2 
mg/cm2 
Vacuum 
Time  

USES: Rubber & P l a s t i c s  
dN Wood, Leather, Fibers  

Glass & Ceramics 
Metals 

TYPICAL USES: Gen. Purp. Lub. 
F r e t t i n g ,  Gal l ing,  Seizing 
Cams, Gears, S l ide  Surf. 
Rol l ing Surf. 
Release Agent o r  Metal Work 

NOTES : 
E - E x c e l l e n t  

V.G. - Very Good 

M - Medium 
P - Poor 
L - Limited o r  Low 
- - Na Data o r  Not 

Appl icable  
X - S a t i s f a c t o r y  

G - Good 

I I (EMRALONB 322)* I I 
- - - 

'WE Coat ing  ~PTFE Coat ing  ~PTFE Coat ing  ~ F E  Coat ing  
'0 l y u r e  thane  S i l i c o n e  Resin Thermoplast ic  h e n n o p l a s t i c  
e s i n  Res in  Resin 

X L - - 
X L L - 

B e s t  Best B e s t  Aerosol  
-6 Hr., o r  66"-  10 Min., t h e n  2 Rr. 2 Hr. 
13"C(150"-200°F) 204°C (400'F) - 
IO Min. (h igh  30 Min. 1 - - 

X 
X 

- 

X 
X 

7.9 m.(26 f t /min)17.9 m.(26 f t /min)17.9 m.(26 f t /min)17.9 m.(26 f t / m i n  
1.08-0.10 10.05-0.07 10.05-0.07 10.06-0.09 

M 

X 
X 
X 
X 

E x c e l l e n t  adhe- 
s i o n ,  low f r i c -  
t i o n ,  c o r r o s i o n  
r e s i s t a n c e  and 
good rclease 
p r o p e r t i e s .  Abr 
s i o n  resistance 
b e t t e r  than  pure 
PTFE. Limited 
use a t  149°C 
(3OOOP) 

I :  X 
X 

& S o l i d  f i l m  lub. E x c e l l e n t  adhe- 

f: and 323 ar 

320. 321 m a y  be 
used  on food 

u s e  t o  232'C 

vapors  are re- 

X 
X 
X 
X 

S i m i l a r  t o  320 
b u t  i n  a e r o s o l  
c o n t a i n e r .  Has 
low f r i c t i o n  and 
good release 
p r o p e r t i e s .  
Limited use  t o  
116°C (240°F) 
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AGHESON COLLOIDS COMPANY 

- 
PTFE Coat ing 
Phenoiic Resin 

PECIFICATION 
OMPOSITION: Lubricant 

B inder/Carr ier  

PPLICATION: Brush 
Dip o r  Tumble 
Spray 

URE CYCLE: A i r  Dry 
Heat 
Temp / Time 

OMPATIBILITY: LOX 
Oxygen (gas) 
Rocket Fuel 
J e t  Fuel 
Hydrocarbon 
Solvents 

ADIATION PROPERTIES 

PTFE Coat ing PTFE Coat ing 
Acryl ic  Resin Epoxy Resin 

UTGASSING PROPERTIES 

X 
X X 

10 Min. and 232"Cl - 
I - 

SABLE TEMP. A i r :  (high) 
(low) 

' (low) 
Vacum: (high) 

OAD CAPACITY: Force 

I 

X X 
- i - 

Test Method 

FU-LIFE: Load 
Test Method 
Time 

(~50'F)  (1) 
30 Min. 

- 
- 

Test Cond. 
RICTION COEF.; STATIC, A i r  

149°C (300°F) 149°C (300OV) 177'G (350'F) 
30 Min. 1.0 Hr. GO Min. 

- 
- - 

Vacuum 
DYNAMIC, A i r  

- 
X X I E  

Vacum 
LECT. CONDUCTIVITY 

- 
M L 
X X 

ORROSION RESISTANCE 

ACUM WT. LOSS, N/m2 
mgIcm2 
Vacuum 
Time 

177'C (35O0F)*;t 
-34'C (-30OF) 

- 
- 

V.G. 

2,802 N (630 lb.) 
Hartman T e s t e r  

E 

SES: Rubber & Plas t ics  
N Wood, Leather, Fibers 

Glass & Ceramics 
Metals 

YPICAL USES: Gen. Purp. Lub. 
Fre t  tir.g , Galling, Seizing 
Cams, Gears, Sl ide Surf. 
Rolling Surf. 
Release Agent o r  Metal Work 

-149°C (300'F) 177% (350'F) 
-34°C (-30°F) -34°C (-30'F) - 

G G 

- - 
2,802 N (630 lb . )  2,802 N (630 l b .  
Hartman T e s t e r  Alpha T e s t e r  

V.G. 0-1.0 Hr. 

OTES : 
E - E x c e l l e n t  

V.G. - Very Good 

M - Medium 
P - Poor 
L - Limited o r  Low 
- -  No Data or Not 

Applicable  
X - S a t i s f a c t o r y  

G - Good 

Excel len t  adhe- 
s i o n ,  low f r i c -  
t i o n  and h e a t  
and chemical 
r e s i s t a n c e .  
Limited use t o  
204°C (400OF). 

cquiva len t  t o  
315. 

9; Emralonb 316 is 

I I I 
I I 1 

X 
X 
X 

- 
4oS2/Lub. Pigncn ts 
Thermoset .iesin 

X X 
X X 
X X 

X 
X 

Meets load and 
endurance l i m i t s  
f o r  MIL-L-8937A. 
(1) May b e  cured  
a t  149OC (300'F) 
b u t  p r o p e r t i e s  
are reduced. 
Limited use t o  
149°C (300°F). 

(55% s o l i d )  I I I 
X - - 

X X 
L - 
L L 

Good adhesion Excel len t  adhe- 
f r i c t i o n ,  cor ro-  sion, low fric- 
s i o n  and release t i o n  and good re 
proper t ies .  lease p r o p e r t i e s  
Q 311 and 313 a r e  f o r  f l e x i b l e  sub 
equiva len t  t o  310 s t r a t e .  Limited 
'** Limited use  a t  use  t o  177°C 
204'C (400°F). (35OOF). 
311 may be uscd 
i n  food proccs- 

X I L I M I X - - 

135OC (275°F) 

15,568 N 
(3,500 lb.) 

Fa lex  

t,448N(1,000 lb.) 
Fa lex  

350 Min. 
7.9 m.(2G f t /min)  

L 

G V.G. G V.G. 
I I I 

I 1 I 

l s i n g  equipment. I I 
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ACHESON COLLOIDS CU4PANY 

SPECIFICATION 
COMPOSITION: Lubricant 

BinderICarrier 

PRODUCT NAME 

EhfRALOl@ 328 
PROPERTIES 

- - 
PTFE Coat ing  PTFE Coat ing 
Thermoulas t i c  Thermoplastic 

EMRALO@ 329 

CCMPATIBILITY : LOX 
Oxygen (gas) 
Rocket Fuel 
J e t  Fuel 
Hydrocarbon 
Solvents 

RADIATION PROPERTIES 

OUTGASSING PROPERTIES 

- 
- 
L L 
L L 
L L - - 
- - 

APPLICATION: Brush 

CURE CYCLE: A i r  Dry t- TempITime 

Dip o r  Tmble 
Spray 

Heat 

USABLE TEMP. A i r :  (high) 2 %  (180OF) 
(low) 

Vacuum: (high) 

Res  i n  
X 
X 
X 

2 Hr. 

82'C (180'F) 

(lm) 
LOAD CAPACITY: Force 

- 
V.G. V.G. 

Test Method 

WEAR-LIFE: Load 
Test Method 
Time 

2,802 N (630 lb.) 2,802 N (630 lb.: 
Hartman T e s t e r  Hartman Tes te r  

V.G. V.G. 
Test Cond. 17.9 m. (26 f t /minj l  7.9m. (26 f t /min:  

FRICTION COEF.; STATIC, A i r  10.06-0.09 10.06-0.09 
Vacuum 

Vacuum 
DYNAMIC, A i r  

ELECT. CONDUCTIVITY 

CORROSION RESISTANCE 

- - 
- - - 
- - 
M r t  

VACUW WT. LOSS, N/m2 

Vacuum 

Metals 
TYPICAL USES: Gen. Purp. Lub. 

Fre t t ing ,  Galling, Seizing 
Cams, Gears, Sl ide Surf. 
Rolling Surf. 
Release Agent o r  Metal Work 

NOTES: 
E - E x c e l l e n t  

V.G. - Very Good 
G - Good 
M - Medim 
P - Poor 
L - Limited or Low 
- - No Data o r  Not 

Applicable  
x - S a t i s f a c t o r y  

USES: Rubber & Plas t ics  X 
ON Wood, Leather, Fibers 

Glass & Ceramics 
X 
X 
X 
X 
X 
X 

Law f r i c t i o n  and 
r e l e a s e  proper- 
ties. Moderate 
chemical resis- 
tance(i.e.,  H2SO 
and NaOH). 
Limited use  to  
116°C ( 2 4 0 O F )  

Excel len t  adhe- 
s i o n ,  and low 
f r i c t i o n .  Resists 
cor ros ion ,  abra-  
s i o n ,  f l e x  and 
impact. Limited 
use  t o  149OC 
(300'F). Used on 
g e a r s ,  s h a f t s ,  
s l i d e s  bear ings ,  
e t c .  

Low f r i c t i o n  and 
release proper- 
t i e s .  Moderate 
chemical resis- 
tnnce. May be  
a p p l i e d  by e l e c -  
t r o s t a t i c  spray.  
Limited use t o  
116°C (240°F). 

EMRALOl@ 330 

F'TFE Coat ing 
Resin 

- 
X 

Best 
'2-5 min., and 
149 "C (300 OF) 

1.0 Hr.  

L 
X 
X 

I 
- I 

135°C (275OF) - 
- 
- 
G 

- 

- 
- 
L 
L 
X 
X 
X 
X 
X 
X - 



BALL BROTHERS RESFARCH CORPORATION 

PRODUCT NAME 

I'ROPIJRTIES 
VAC KOTE VAC KOTE 
21207 BPS 18.07 

PECIFICATION 
:(MPOSITION : Lubricant 

BinderlCarrier 

rPPLICATION: Brush 
Dip o r  Tumble 
Spray 

Heat 
: U R E  CYCLE: A i r  Dry 

Temp / Time 

:OMPATIBILITY: LOX 
Oxygen (gas) 
Rocket Fuel 
J e t  Fuel 
Hydrocarbon 
Solvents 

WDIATION PROPERTIES 

lUTGASSING PROPERTIES 

JSABLE TLMP. A i r :  (high) 
(low> 

Vacuum: (high) 
(I@.?) 

.OAD CAPACITY: Force 

Test Method 

IEAR-LIFE: Load 
Test Method 
Time 
Test Cond. 

'RICTION COEF.; STATIC, A i r  
Vacuum 

Vacuum 
DYNAMIC, A i r  

:LECT. CONDUCTIVITY 

:ORROSION RESISTANCE 

- 
MoS2 MoS2 and S o l i d s ,  
None Organic Binder, 

Xvlene/Alcohol 
P r o p r i e t a r y  X 
Process X 

X 
None - 

149 OC (300 OF) 
- 1.0 Hr. 

- 
- - 
X X 
X X 
X X 

- 

- 
149°C (300°F) 288°C (550°F) 

37l0C (700'F) 28892 (550'F) 

> 1.379 N/m2 
(> 200,000 p s i )  

-268°C (-450OF) -184°C (-300'F) 

-268°C (-450OF) -184°C (-300°F) 
> 0.689 N/m2 
(> 100,000 p s i )  - 

7.12 N (1.6 lb . )  4,448 N(1,OOOlb.) 
0.013 m.(0.5 in.) Fa lcx  
B a l l  on f l a t ;  300 340 Min. 
Sin.  I n e r t  Gas Room Temperature 
0.10 t o  0.20 0.10 t o  0.20 

0.03 t o  0.10 0.04 t o  0.10 
- 

- 
- 

L 

Metals 
L'YPICAL USES: Gen. Purp. Lub. 

Fre t t ing ,  Galling, Seizing 
C a m s ,  Gears, Sl ide Surf, 
Rolling Surf. 
Release Agent or Metal Work 

iOTES: 
E - Excel len t  

V.G. - Very Good 

M - Medium 
P - Poor 
L - Limited or Low 
- - N o  Data o r  Not 

Applicable  
x - S a t i s f a c t o r y  

G - Good 

JSES: Rubber & Plas t ics  
IN Wood, Leather, Fibers 

Glass & Ceramics 
X 
L 
L 
X - 
- 

For r o l l i n g  con- 
t a c t  bear ings  
o p e r a t i n g  i n  
vacuum. B a l l  
bear ings ,  b a l l  
bushing, I n s t .  
gears ,  hard 
vacuum and space 

- - 
- 

L L 
X 
X 
X 
X 
- 
- 

High loading 
s u r f a c e  i n  air 
and vacuum. 
S l i d i n g  s u r f a c e s ,  
low-high loads 
and low-high 
temperaturf .  
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BEL-MAY COMPANY, INC. 

Dip o r  Tumble 

Temp /Time 

No Reac t ion  
Jet Fuel 

0.035 t o  0.04 
I 

ELECT. CONDUCTIVITY I 1 I I 
I 

CORROSION RIISISTANCE G G G E 

VACUUM WT. LOSS, N/m2 
mg/cm? 
Vacuum 1.33 x 10-7 N/m2 
Time (10-9 rn.€lgJ 

G 

USES: Rubber & P1astil.r X 
ON Wood, Leather ,  Fibers  I. X 

Glass h Ceramics X X X X 
Metals 1 X 

TYPICAL USES: Gen. Purp. Lub. X 
F r e t t i n g ,  Gal l ing,  Sr iz ing  X 
Cams, Cears, S l ide  Surf. X 
Rol l ing Surf .  X 
Release Agent o r  Metal Work 

d o r l e s s  and non- 
lammable. Excel- E - E x c e l l e n t  
e n t  for  extreme V.G. - Very Good 
emp. and p r e s s u r  
nd f o r  h igh  spec  M - Medium 
peeds. R e s i s t a n t  P - Poor 

L - Limited o r  Low .o chemicals .  W i l  
- - No Data wr Not iot p i c k  up d u s t ,  

X - S a t i s f a c t o r y  

NOTES : 

G - Good 

3irt o r  l i n t .  Appl icable  

I 

X 
X 
X 
X 
X 

Hard chemical  re 
s i s t a n t  f i lm.  Ex 
c e l l e n t  a n t i g a l l  
ing  and s e i z i n g  
p r o p e r t i e s .  Long 
w e a r - l i f e .  "Maxi 
mum p r o p e r t i e s  
are obta ined  by 
c u r e  a t  204OC 
(400'F) f o r  60 
min . 

---+--- 
X 
X 
X 

Very tough f i l m ,  
good adhesion f o r  
extreme tempera- 
Lure ranges  and 
vacuum. Maximum 
p r o p e r t i e s  are 
obta ined  by c u r e  
a t  82°C (180'F) 
f o r  2 h r .  then  
260°C (500°F) f o r  
2 h r .  

__ff___ 
X 
X 

General  u s e  f o r  
machinery, t o o l s  
and s l i d i n g  s u r -  
f a c e s .  Contains  
no r e s i n o u s  o r  
lacquer  b i n d e r s .  
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DOL' CORKING CORPORATION 

VACUM WT. LOSS, N/m2 
mgIcrn2 
Vacuum 
Tine 

JSES: Rubber & P l a s t i c s  
3N Wood, Leather, Fibers  

Glass & Ceramics 
Metals 

LYPICAL USES: Gen. Purp. Lub. 
F r e t t i n g ,  Galling, Seizing 
Cams,  Gears, S l ide  Surf. 

Release Agent o r  Metal Work 
Roll ing Surf. 

VOTES : 

E - E x c e l l e n t  
V.G. - Very Good 

G - Good 
M - Medium 
P - Poor 
L - Limited o r  Low 
- - No Data o r  Not 

Appl icable  
X - S a t i s f a c t o r y  

PRODUCT NAME D ~ J  CORNIN@ DCW CORNIN& 
1-3943 3402 OR CODE 

- 
- 

L L 
X X 
X X 
X L 
X X 
X X 
LI 

X 

Extreme p r e s s u r e  Developed as a n  
l u b r i r a n t ,  p r i -  a n t i f r e t t i n g  lubc 
m a r i l y  f o r  c o r r o -  f o r  Ti tanium ( A i l  
s i o n  p r o t e c t i o n .  Force Labora tory  
Also approved development) 
under f o 1 lowrug 
s p e c j f i c a t i o n s .  

RIA-PD-703 
RIA -PD-42 
MIL-L-40147 

SPECIFICATION MIL-L-23398B AFSL-41 
COMPOSITION: Lubricant S o l i d  Lube Blend S o l i d  Lube Blend 

BinderICarr ier  and A d d i t i v e s ,  

Temp/ Time 

Rocket Fuel 
J e t  Fuel 

OUTGASSING PROPERTIES 

USABLE TEMP. A i r :  (high) 
(low) 

Vacuum: (high) 

LOAD CAPACITY: Force 

Test Method Fa lex  F a l e x  

+!EAR-LIFE: Load 
Tes t  Method 

694 Min. 1.111 Min. 
Test  Cond. 7.9 m. (26 f t / n i n ) 7 . 9  m. (26 f t /mir  

FRICTION COEF.; STATIC, A i r  L L 
Vacuum - - 

L L 
Vacuum 

DYNAMIC, A i r  

ELECT. CONDUCTIVITY 

557 (Dow Corning 

Lube, in  F a s t  Evap 
- o r a t i n g  Solvent  

X 
X 

X. Aerosol  
Very F a s t  

- 
- 

6OoC (140OF) 
- 1 8 O C  (OOF) 

- 
4,448 N (1,000 1bJ 

F a l e x  

2,802 N (630 lb . )  
LFW-1 
62 Min. 
7.9 n. (26 f t / m i n  

L f - 
L 

L 
I. 
L 
X I 
- 
X 
I, 

X 

Clear, c o l o r l e s s ,  
nontoxic  lube.  
E x e e l l e n t  f o r  
alum. and o t h e r  
co ld  metal work- 
ing.  'b imi ia r  t o  
5 5 : ,  u c e p t  has  
Freon carrier i n -  
s t c a d  c h l o r o t h e n e  
used on p l a s t i c s .  



DCW CORNING CORPORATION 

I N  Wood, Leather, Fibers 
Glass & Ceramics 
Metals 

JXPICAL USES: Gen. Purp. Lub. 
Fretting, Galling, Seizing 
Cams,  Gears, Slide Surf. 
Rolling Surf. 
Release Agent o r  Metal Work 

(Dow-Corning 
1-3931)* 

OR CODE 

PROPERTIES 

L 
X 
X 
X 
X x 
L 
L 

Binder /Carrier ( inc l .  MoS2) In- 

Dip o r  Tumble 

X 
X 
X 
X 
X 
X 
L 
X 

Chemically i n c r t  
f i lm  having wide 
temperature prop- 
erties. Intended 
f o r  low load con- 
d i t ions .  

Spray I X ,  Aeroscl 
:URE CYCLE: A i r  D r y  I A i r  Dry, 5 Min. 

L 
X 
X 
X 
X 
X 
X - 

Good chemical r c -  
s i s t ance .  Tor 
genera l  use, has 
wear-l ife s imi la i  
t o  hea t  cured 
fi lms. 

Heat 
Temp / Time 

:CMPATIBILITY: LOX X 
Oxygen (gas) X 
Rocket Fuel X 
J e t  Fuel X 
Hydrocarbon X 
Solvents X 

W I A T I O N  PROPERTIES G 

JUTGASSING PROPERTIES I -  
JSABLE TEMP. A i r :  (high) 649'C (1200°F) 

198'C (-325°F) 

LOAD CAPACITY: Force 1,120 N (2,500 lb 

Test Method Fa l ex  

?EAR-LIFE: Load 2,802 N (630 lb.)  
Test Method 

4,861 Min. 
Test Cond. 17.9 m. (26 ft /mir 

FRICTION COEF.: STATIC, A i r  I 
Vacuum 

Vacuum - DYNAMIC, A i r  0.03-0.07 

?LFXT. CONDUCTIVITY - 
2ORROSION RESISTANCE G 

VACUUM WT. LOSS, N/m2 
mgIcrn2 
Vacuum 
Time 

VOTES : 
E - Excellent 

V.G. - Very Good 
G - Good 
M - Medium 
P - Poor 
L - Limited o r  Low 
- - No Date o r  Not 

Applicable 
X - Sa t i s f ac to ry  

DOW CORNIN@ 
3400A 

MIL-L-4601OA 
Solid Lube Blend 
Plus Additives 
Thermoset Resin 

X 
r 
" 

204% (400°F) 
1.0 H r .  

L 
X 
X 
X 

482OC (900°F) 
-198OC (-325'F) 

- 
17,3471 (3,900 lb 

Falev 

2,802 N (630 lb . )  
LFW-1 
1,389 Min. 
7.9 m. (26 f t lmir  - 

< 0.10 

- 
Best 

~ ~ 

X 
X 
X 
X 
X 
X 

Best corrosion 
res i s tance  of 
a l l  f i lms. Ex- 
treme pressure 
a l so .  Intend to 
protec t  bearing 
surfaces.  Has 
high Eriction 
during wear-in. 
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SPECIFICATION 
CCMPOSITION: Lubricant 

Binder/Carr ier  

APPLICATION: Brush 
Dip o r  Tumble 
Spray 

CURE CYCLE: A i r  Dry 
Heat 
Temp/Time 

L 
L 
L 

CCMPATIBILITY: LOX 
Oxygen (gas) 
Rocket Fuel 
J e t  Fuel 
Hydrocarbon 
So lven ts 

RADIATION PROPERTIES (Gama) 

- 

X 
X 
X 

OUTGASSING PROPERTIES 

USABLE TEMP. A i r :  (high) 
(low) 

Vacuum: (high) 
(1aU) 

LOAD CAPACITY: Force 

Test Method 

WEAR-LIFE: Load 
Test  Method 
Time 

399°C (750°F) 
-73°C (-100’F) 

9,990N (2 ,250  

F:ilex 

2,802N (630 l b . )  

625 Min. 
7 . 9  m. (26 f t l m i n )  

LFW-1 

I, 
I. 

0.03-0.07 
- 

1. 

--I 

1, 

X 

Test  Cond. 
FRICTION COEF.; STATIC, A i r  

DYNAMIC, A i r  
Vacuum 

L 
5 x 109 

649°C (1200°F) 
-198°C (-325’F) 

lb . ;9 ,990N (2,2501b.  

F a l e x  

2,802N (630 l b . )  

834 Min. 
7.9 m. ~ 2 6  f t /min ;  

M 
M 
M 
M 

LFW-1 

G 

x 

Vacuum 
ELECT. CONDUCTIVITY 

L 

COPROSION RESISTANCE 

VACUUM WT. LOSS, N/m2 
mp,/cm? 
Vacum 
Time 

-- 
USES: Rubber & P l a s t i c s  
ON Wood, Leather, Fibers  

Glass & Ceramics 
Metals 

TYPICAL USES: Gen. Purp. Lub. 
F r e t t i n g  , Gall ing,  Seizing 
Cams,  Gears, S l ide  Surf. 
R o l l h g  Surf .  
Release Agent o r  Metal Work 

NOTES : 
E - E x c e l l e n t  

V.G. - Very Good 

M - Medium 
P - Poor 
L - Limited o r  Low 
- - No Data o r  Not  

Appl icable  
X - S a t i s f a c t o r y  

G - Good 

L 

DOW CORNING CORPORATION 

SPRAY - KOTE 

(Microsize)  

X 

Aer os0 l* 

o r  87°C (180°F) 
for 2 Hr .  & 149 

1 (300.”) 2 H r .  
I X 

X 

L 
L 

I( 

8 
1 
x 

i.:asy t o  ~ p p l y  
-~ 

X 
X 
X 
X 

x 
X 
X 

ExLreme envir-on- Easy t r i  apply.  
Low f r i c t i o n ,  and 
f o r  good wear and 
extreme loads .  
Good f o r  po l i shed  
s u r f a c e s .  Easiest 
f i l m  t o  apply.  

Good adhesion,  an( 
chemical  resist- 
ance. Most widely 
used. Dow h e a t  
cured bondedf i lm 
“Simi la r  t o  106 
b u t  c o n t a i n s  no 
graphite.*”L-3923 
(Experimental)  i s  
an a l t e r n a t e  f o r  
106. 

(273)* (Dow 
Corning 1-3923)*” 

heres t o  most 
iaces, h i g h l y  
pol i shed  and not  
degrcased.  r o r  low 
loads .  Film is 
s o f t  and washes- 
o f f  w i t h  mest 
f l u i d s .  

I A i r  Dry - 24 H r .  I 
149°C (300’F) 

sur-.vacuurn, r a d i a t i o i  
LOX compt. Reln- 
t i v e l y  h igh  f r i c  
t i o n  and hrcak-  
i n  i s  d i f f i c u l t .  

I Unacceptable  I 

Fa lex  

2,802N(6301b.)  

1,389 Min. 
7.9m. (26 f t /min)  

LFW-1 

I. 
L 

0.03-0.07 

Fa lex  

2,802N(630Ib.)  
LFW- 1 

X 
X 
L - 
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DRILLJBE CO.?PANY 

PRODUCT NAME 
OR CODE 

FROPERTIES 1 
SPECIFICATION 
CCNPOSITION: Lubricant 

BinderICarr ier  

APPLICATION: Brush 
Dip o r  Tumble 
Spray 

CURE CYCLE: A i r  Dry 
Heat 
TempITime 

CCNPATIBILITY: LOX 
@own (gas) 
Rocket Fuel 
Jet Fuel 
Hydrocarbon 
Solvents 

RADIATION PROPERTIES 

OUTGASSING PROPERTIES 

USABLE TEMP. A i r :  (high) 
(low) 

Vacuum: (high) 
( low)  

LOAD CAPACITY: Force 

T e s t  Method 

dEAR-LIFE: Load 
Test  Method 
Time 
Test  Cond. 

FKICTION COEF.; STATIC, A i r  
Vacuum 

Vacuum 
DYNAMIC, A i r  

~ 

ELECT. CONDUCTIVITY 

CORROSION RESISTANCE 

VACUUM WT. LOSS, N/m2 
--- 

mg/cm-l 
Vacuum 
Time 

USES: Rubber & PIas t ics  
3N Wood, I e a t h e r ,  Fibers  

Glass & Ceramics 
Metals 

EPICAL USES: Gen. Purp. Iub. 
F r e t t i n g ,  Gal l ing,  Seizing 
Cams, Gears, S l ide  Surf. 
Rol l ing Surf. 
Release Agent o r  MctaI Work 

- 

NOTES : 
E - E x c e l l e n t  

V.G. - Very Good 

M - Medium 
P - Poor 
L - Limited o r  Low 
- - No Data o r  Not 

Appl icable  
X - S a t i s f a c t o r y  

G - Good 

DRILUBE 868 I DRILUBE 867 

- 
Molybdenum Molybdenum 
Dise1enl.de Tel lur ium 
SLlicate Binder  S i l i c a t e  Binder  

L L 
L L 

Best Best 
Air Dry, 1.0 H r .  A i r  Dry, 1 .0  H r .  
8 2 Y  (180°F),2 Hr. 82OC (180°F) 2 HI 
2 0 4 Y  (400'F) f o r  204°C (400°F) foz 

4 H r .  4 H r .  
X X 
X X 

X X 
X X 
X X 

Cryogenic Cryogenic 

X x-- 
X X 
X X 
X X 
L L 

Very expens ive  Very expens ive  
f i l m  f o r  extreme f i l m  f o r  v e r y  
tempera ture  and h i g h  tempera ture  
hard vacuuio. LOX and vacuum. LOX 
compt. ccjmpt. 
S p e c i a l  purpose S p e c i a l  a p p l i c a -  
s p p l i c a t i o n n .  t i o n s .  

Cryogenic Cryogenic 

F a i r  F a i r  

- 
- 
- 

- - 
- 

X X 
X X 
X X 
X X 
X X 
L L - 

Very expens ive  
f i l m  f o r  very  
qigh tempera ture  
and vacuum. LOX 
:ompt.and f o r  
s p e c i a l  purposes  

Very expens ive  
f i l m  f o r  v e r y  
h igh  tempera ture  
and vacuum. LOX 
compt. arid f o r  . s p e c i a l  purposes  
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DRILUBE COMPANY 

MIL-L-8739 
%osz, G r a p h i t e  
Spoxy Blend 

X 
X 

Best 

!9l0C (375°F) 
- 

1.0 H r .  

OR CODE 

PROI'l<RTIES 

MoS2/SrCr04 
Phosphoric 
Binder  

X (702) 
X (701) 
X (701) - 

204OC (400°F) 
1.0 H r .  

I \  PRODUCT NAME 

X 

Acceptable  

OR CODE 

PROI'l<RTIES 

L - 

SPECIFICATION 
CCMPOSITION: Lubricant 

G 

- 
- 

- 
- 
X 
X 
X 
X 
X 
X 

E x c e l l e n t  war- 
l i f e .  Resist h e a t  

BinderICarr ier  

APPLICATION: Brush 
Dip o r  Tumble 
Spray 

CURE 'CYCLE: A i r  Dry 
Heat 
TempITime 

CCMPATIBILITY: LOX 
W g e n  (gas) 
Rocker Fuel 
J e t  Fuel 
Hydrocarbon 
Solvents 

RADIATION PROPERTIES 

OUTGASSING PROPERTIES 

USABLE TEMP. A i r :  (high) 
(low) 

Vacuum: (high) 

- 
F a i r  F a i r  

X X 
X 
X 
X 
X 
X 

LOX compt. Good 
h igh  temp. wear- 

( l m )  
LOAD CAPACITY: Force 

Test Method 

WEAK-LIFE: Load 
Test  Method 

Test  Cond. 
FRICTION COEF.; STATIC, A i r  

DYNAMIC, A i r  
Vacuum 

Vacuum 
ELECT. CONDUCTIVITY 

CORROSION RESISTANCE 

VACUUM WT. LOSS, N/m2 
mgjcm' 
Vacuum 
Tine 

USES: Rubber h P l a s t i c s  
ON Wood, Leather, Fibers  

Glass h Ceramics 
Metals 

TYPICAL USES: Gen. Purp. Lub. 
Fre t t ing ,  Gal l ing,  Seizing 
C a m s ,  Gears, S l ide  Surf. 
Rolling Surf .  
Release Agent o r  Mrtal Work 

NOTES: 

E - E x c e l l e n t  
V.G. - Very Good 

G - Good 
M - Medium 
P - Poor 
L - Limited o r  Low 
- - No Data o r  Not 

Appl icable  
X - S a t i s f a c t o r y  

DRILUBE 1A DRILUBE 701 DKILUBE 805 

I Ei 702 I 
MoS~* 
S i l i c a t e  Binder  

X 
A i r  Dry, 1.0 H r .  
82°C (180OF) 2 H 
204°C (400°F) f o  

I I 4 H r .  - X 1 X* 
X 

X 
X 

- X* 

X 
X 

- 

I 371OC (700'F) 
184°C (-300'F) -24OOC (-400°F) 

260°C (500°F) 

649OC (1200'F) 649OC (1200'F 316°C (600OF) 
184°C (-300'F) -240'C (-40OOF) -240OC (-400°F) 

G G V.G. 

- I -  I - 

R.T. (Hi-T) 

L I L 
L L L 
L L L 

X 
X 
X 
X 
L 

High load i i l m ,  
f o r  h igh  temp. 
LOX c onip t . 
%;Graphite is 
sometimes added, 
BOS is then  n o t  
LOX compt . 

I I 

DRILUBE 861 

Silicate Binder  

204OC (400OF) f o r  

c ryogenic  
760'C (1400'F) 
Y.E.1 Cryogenic 

- I 

F a i r  

__i 

X 
X 
L 

High c o s t  lube 
f o r  u s e  a t  h igh  
temp. and vacuum 
LOX compt. Spe- 
c i a l  purpose 
a p p l i c a t i o n s .  
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DRI-SLIDE, INC. 

PRODUCT NAME 
DRI-SLID@ 

PROPERTIES 

; PECIFICATION 
:MPOSITION: Lubricant MoSq, V o l a t i l e  

- 
Binder/Carr ier  carrier and a n t i -  

c o r r o s i o n  a d d i t i v , ?  
LPPLICATION: Brush X 

Dip o r  Tumble L 
Spray L 

XJRE CYCLE: A i r  D r y  X 
Heat 
Temp / Time - 

:OMPATIBILITY: LOX 
Oxygen (gas) 

Jet Fuel X 
Hydrocarbon X 
Solvents L 

Rockrt Fuel 

M I A T I O N  PROPERTIES 

IUTGASSING PROPERTIES 

JSABLE TWP. A i r :  (high) 399°C (750°F) 
(iuw) -101°C (-150OF) 

Vacuum: (high) 538'12 (lOOOo'-) 

.OAD CAPACITY: Force 6.9 x lux N/mL 
(la?) - I O l o f ;  (-1.50°F) 

(100,000 p s i )  
Test Method Fa lex  

I 

1 
I 

AIV- 15 

IEAR-LIFE: Load 
Test  Method 
Tim@ 
T e s t  Cond. 

'RICTION COEF.; STATIC, Air 

DYNAMIC, A i r  
Vacuum 

kicuum 
:IECT. CONDUCTIVITY 

:ORROSION RESISTANCE 

IACUUM WT. LOSS, N/mZ 
mgjcm2 
Vacuum 
Time 

ISES: Rubber & P l a s t i c s  
IN Wood, Leather, Fibers  

Glass & Ceramics 
Metals 

NPICAL USES: Gen. Purp. Lub. 
F r e t t i n g ,  Gal l ing,  Seizing 
Cams, Gears, S l ide  Surf. 
Roll ing Surf. 
Release Agent o r  Metal Work 

IOTES : 

E - P x c e l l e n t  
V.G. - Very Good 

G - Good 
M - Medium 
P - Poor 
L - Limited o r  Low 
- - NO n a t a  or Not 

X - S a t i s f a c t o r y  
A p p l i c a b l e  

High 

C 

I. 
L 
L 
I' 

G 

I 

1 X 
X 
X 
X 
X 
X 
X 
X 
X 

Good f o r  g e n e r a l  
l u b r i c a t i o n  of 
nachincry, tools, 
o f f i c e  machinery, 
g e a r s ,  s l j d i n g  
s u r f a c e s ,  etc. 
Contains  a r u s t  
i n h i b i t o r .  I 
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ELECTROFILM, INC. 

PR0I)UCT LAME LUBE-LOK 

PROPKRTIES 66-C 2on6 (2396)* 
LUBE- LOK LUBE- UIK 2306 LUBE-LQK 

2406 

Temp/ Time 
I 

:~PATIBILITY: LOX Batch T e s t  X 
Batch T e s t  X 

Rocket Fuel E a L c h  T e s t  - I !  
Oxygen (gas) 

Graphi te  
Polyimide 

X 
X 
X 

L 
L 

5.52 x 108 Njm2 
(80,000 p5i; 

- 
82 O C  (180'19 2 H r  : 
204°C(4000F)2 HI 

--- I 
2,802 N(63C Ib . )  M M 
Macinillau 

M,.1cmilInn,70 Ilr. I l b f i  Ilr 

L 

0.04 L 
1 

I 

J e t  Fuel 
Hydrocarbon 
Solvents 

UDIATION PROPERTIES 

- 
I, 

L 

IUTGASS I N G  PROPERTIES 

, t i  

X 
X 
X 
X 

X 
x 

General iwrpnsc 

JSULE TEMP. A i r :  (high) 
(low) 

Vacuum: (high) 

- L I - 

i , 

i 
- 

X X X 
X X X 

L L L 
Y X X 

I I, 
x X X 

I - 

- 
.- 

F a r  h i 4 1  lons!s and l b l l i n g  c l n n c n t  Genrral use a: 

U O W )  

,OAD CAPACITY: Force 

s o l i d  f i l m  lube  Ie.:ccllent wCdr- b c a r i n g s  and h i g h  
f o r  heavy duLy I r f ~  and h igh  vacuum. 

Test  Method 

nigh temp. 
Lube p r o p e r t i e s  

IEAR-LIFE: Load 

m d  good wear-. tcmp. J C I L  and 
l i f e .  Thi rd  i n  missi le  a p p l i c a -  
volume usage t i o n s .  Foiirth in 
mong e l e c t r o -  v..lume usage 
L i l m  h e a t  cured  among e l e c t r o -  
s o l i d  luhcs .  f i l m  h e a l  cured 

:,olid lubes.  

Tes t  Method 
Time 

* 2395 c u i i t a i n s  I n o t  as good a; 
!Il:S2/$!rhp1iitc M42 f i lms .  Ma> 
and has  proper- 
t i e s  similar l o  

2306, and meets  aerozene.  
MIL-L-81329 and 
temp. t o  454°C 
(850°F) 

! be used w i t h  
N2O4, N2H2, and 

Test  Cond. 
7RICTION COBF. ; STATIC, Air 

TJacuum 

Vacuum 
DYNAMIC, A i r  

ILGCT. CONDIJCTIVI7*I 
~~ 

:ORROSION RESISTANCE 

IACUUM WT. LOSS, N/m2 
mg/cl:2 
Vacuum 
Time 

JSES: Rubber & P l a s t i c -  
IN Wood, Leather, Fibers  

Glass & Ceramics 
Metals 

PIPICAL USES: Gen. Purp. Lub. 
F r e t t i n g ,  Gal l ing,  Seizing 
Cams, Gears, S l ide  Surf. 
Rol l ing Surf. 
Release Agent or Metal Work 

iOTES : 
E - E x c e l l e n t  

v . G  - Very Good 

M - Medium 
P - Poor 
L - Limited or Low 
- -  No Data o r  Not 

Appl icable  
x - S a t i s f a c t o r y  

G - Good 

X 
X 
L 

454°C (850°F) 
-251°C (-420°F) 

L 
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EIECTROFIIM, INC. 

LUBRI - BOND 
M 

PROPeRTIES 

- SPECIFICATION 
COMPOSITION: Lubricant MoS2 

Binder/Carr ier  Freon 

APPLICATION: Brush L 
Dip o r  Tumble L 
Spray B e s t  

CURE CYCLE: A i r  Dry A i r  D r y  
Heat - 
TemplTime 

C(3NPATIBILITY: LOX Batch T r s t  
Oxygen (gas) Batch T e s t  
Rocket Fue 1 Bdtch T e s t  
Jet Fuel X 
Hydrocarbon X 
Solvents x *  

RADIATION PROPERTIES - 
OUTGASSING PROPERTIES 

USABLE TEMP. A i r :  (high) 371°C (700'F) 
(low) - 7 3 ~  ( - 1 0 0 " ~ )  

ELECTKO-MOLY ELECTRO-GRAPH LUBRI-BOND 
N Grade 1 

I 
WS 9004 MIL-M-7866 MIL-G-6711 

NBSe2 MoS2 Graphi te  
Pheno 1 i c  Powdcr Powder 

L L L 
L L L 

B e s t  - - 
A i r  Dry - - 

- - - - - - 
X X 

- X X 
X X= 

X X X 
X X X 
X X X - 

- 

371°C (700°F) 371°C (700°F) 1093°C(20000F) 
I -73"c ( - l o o o r )  - L ~ G O C  ( - 3 2 0 " ~ )  - 1 9 6 " ~  ( - 3 2 0 ~ ~ )  

Vacuum: (high) 

LOAD CAPACITY: Force M 

L 

Metals 
TYPICAL USES: Gen. Purp. Lub. 

Fre t t ing ,  Gal l ing,  Seizing 
Cams, Gears, S l ide  Surf. 
Rol l ing Surf. 
Release Agent o r  Metal Work 

NOTES : 
C - E x c e l l c n t  

V.G. - Very Good 
r, - Good 
M - Medium 
P - Poor 
L - Limited o r  Low 
- - No Data o r  Not 

Appl icable  
x - S a t i s f a c t o r y  

- 
- 
G I c: 

M M 

I X -_ X X X 
x i X x 
X X X 

X X 
L L X X 
I. 

X X 

Granular  form of Granular  s e l i d  
solid film lube, f i l m  f o r  rub-on 
f o r  b u r n i s h i n g  o r  o r  burn ish ing .  

Lion. F w r t h  ir 
vo1m.c usagc c f  

I 

s o l i d  1Lbes. 

1 
Test  Method 
Time 
Test  Cond. - 

I. L FRICTION C O P .  ; PT4TIC,  A i r  
Vacuum 

Vacuum 
DYNAMIC, A i r  I. I, L 

I ELECT C0VlWJ"'JITY L' 

d r y  s o l i d  1.ihcs. 

L 

L 

G 
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rngl Pro? - - - ~ -  

CORROSION RESISTANCE 

VACUUM WT. LOSS, N/m2 

Vacuum 

L 

I 
i ' I  I 

Time 

USES: Rubber ti P l a s t i c s  
ON Wood, Leather, Fibers  

Glass & Ceramics 

X 
x 
x 



ELECTROFIZM, INC.  

LUBE-IDK 
5396 

(5306)* 

MIL-L-8937* 
MoS2 

Phenol ic  

X 
X 
X .. 

-149°C (300'F) 
1.0 Hr. 

- 

LUBRI-BOND 
A 

MIL-L23398 
MoSZ-Graphite 

Phenol ic  

- - 
*. Aerosol 

A i r  D r y ,  30 Min. - - 

SPEC I F  ICATION - I NASA-A-D-66A I 
CCMPOSITION: Lubricant ws2 I MoS? 

PRODtlCr HAME LUBE- LxlK 
2606 

(2696) 
PK0PI:RTIES 

LUBE - LOK 
4306 

(4396) * 

BinderlCarrier 

APPLICATION: Brush 
Dip o r  Tumble 

X - 
1rl"C (375°F) 

1-1/2 Hr .  

- - 
Sodium S i l i c a t e  Phenol ic  

L X 
L X 

X 
- 

Spray 

Heat 
Temp/Time 

CURE CYCLE: A i r  D r y  

COMPATIBILITY: LOX 
Oxygen (gas) 
Rocket Fuel 
J e t  Fuel 
Hydrocarbon 
Solvents 

RADIATION PROPERTIES 

OUTGASSING PROPERTIES 

USABW TENP. A i r :  (high) 
(low) 

Vacuum: (high) 

~~~ 

316OC (600'F) 
-184°C (-300'F) - 

X - 
82°C(1800F)2Hr. t 
204OC (400 OF) 2 Hr. 

X 
x 
X 
X 
X 
L - 
- 

510°C (950'F) 
-184°C (-300'F) 

316% (600°F) 
-184°C (-300'F) 

- 

Ii 

E 

316°C (6OOaF) 
-184°C (-300'F) 

M 

G 

(1m) 
LOAD CAPACITY: Force 

- 
2,802 N (630 lb .  

Macmillan 
60 Hr. 

7.9 m. (26 f t /min  
L 

I. 
--- 

- - X ~ . -  

X 

- 

I. 
L 
Y 

- x -. 
X 
X 
X 
T - 

Hcavy-duty F i l m  
f o r  use where 
g r a p h i t e  i s  n o t  
allorJed. 
2- 4396 i s  simi- 
lar b u t  has  
s m a l l  quani ty  of 
graphi te .  Secoii( 
i n  volumc usage 
among e l e c t r o -  
f i l m  h e a t  cured 
s o l i d  lubes.  

- 

1 
G G 

Test Method 

WEAR-LIFE: Load 
Test  Method 
Time 
Test Cond. 

FRICTIP' COEF. ; STATIC, A i r  

DYnlAMIc. I?ir 
'Jacuum 

Vacuum 
ELECT. CONDUCTIVIE 

CORROSION RESISTANCE 

VACUUM WT. I.OSS, N/m2 
mg, c m  
Vacuum 
Time 

- I I 

- 
M 

- - 
b 

- 
L 

- 
- 

- 
USES: Rubber & P l a s t i c s  
ON Wood, Leather, Fibers 

Glass h Ceramics 
Metals 

TYPICAL USES: Gen. Purp. Lub. 
Fre t t ing ,  Galling, Seizing 
Cams,  Gears, Sl ide Surf. 
Rolling Surf. 
Release Agent or  Metal Work 

NOTES: 
E - E x c e l l e n t  

V.G. - Very Good 

M - Medium 
P - Poor 
L - Limited or  Low - - No Data o r  Not 

App 1 i c a b  le 
X - S a t i s f a c t o r y  

G - Good 

0.02-0.04 0.03-0.06 

- 
X 

X 
X 
X 
X - 

Low f r i c t i o n  fi-lm 
f o r  high temp., 
less oxid., than 

;k 2696 also con- 
t a i n s  g r a p h i t e  an 
ias p r o p e r t i e s  

s i m i l a r  t o  2606. 

x -  

YoS2. 

-- I - L 

AIV-19 



ELECTROFIIM, INC. 

CORROSION RESISTANCE 

VACUUM WT. MSS, N/m2 
mg!cm2 
Vacuum 
Time 

PRODUCT NAME 
LUBRI-BOND 

HT 
PROPCRTIES 

t 

G 

- 

- 

Dip o r  Tumble 

Rocket  F u e l  

-L96"C (-320°F) 

USES: Rubber & P l a s t i c s  
ON Wood, Leather, F i b e r s  

Glass & Ceramics  
Metals 

TYPICAL USES: Gen. Purp. Lub. 
F r e t t i n g ,  G a l l i n g ,  S e i z i n g  
Cams, Gears, S l i d e  S u r f .  
R o l l i n g  Surf .  
Release Agent or Metal Work 

T e s t  Method 

WEAR-LIFE: Load 
T e s t  Method 
Time 
T e s t  Cond. 

FRICTION COEF.; STATIC, A i r  
Vacuum 

DYNAMIC, A i r  

X 
X 
X 
X 
X 
X 
X 
X 
X 

(> 2,500 l b . )  
Fa Lex 

2,802 N(630 l b . )  
M a c m i l l a n  
> 380 Hr. 

7.9 m.(26 f t / m i n )  
L 

0.02 

NOTES: 
E - E x c e l l e n t  

V.G. - V e r y  Good 

M - Medium 
P - P o o r  

G - Good 

Vacuum I I 
ELECT. CONDUCTIVTTY I - 

A i r  dry . o l i d  
f i lm l u b r  dc- 
v e l o p e d  by A i r  
F o r c e  Labora tory .  
Good fo r  use on 
t i t a n i u m  . 
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EVERLURE CORPORATION 

j PEC I F  ICATION 
:mi POSIT LON : Lubr icaii t 

B i n d e r / C a r r i e r  

\PPLICATION: Brush  
Dip o r  Tumble 
S p r a y  

:UKE CYCLE: A i r  Dry 
Heat 
Temp/Time 

:03PATIBILITY: .LOX 
Oxygen ( g a s )  
Rocket F u r l  
J e t  F u e l  
I lydroc~i rhon  
so I Vl'I1 t 5 

RADIATION PRO1'1:RTIES 

OUTGASS ING PROPEKTIliS 

USABLE TEMP. A i r :  ( h i g h )  
( 1 ow) 

Vacuum: (high) 
( l o w )  

LOAD CAPACIT?: F o r c e  

T e s t  Method 

+EAR-LIFE: Load 
T e s t  Method 
Time 
T e s t  Cond. 

FKlCTION COEF.; STATIC, A i r  

DYNAMIC, A i r  
Vaciium 

Vacuum 
ELECT. CONDUCTIVITY 

CDXROSION RESISTANCE 

VACUUM WT. LOSS, N / m 2  
m g / c d  
Vacuum 
Time 

L'Sl3: Ri.bhrr & P l a s t i c s  
ON Wood, h a t h e r ,  P i h c r s  

Glass & Ceramjcs 
Mrtals - 

iYPIC.\L USES: G r n .  I'urp. Iuh. 
TrLLt ing ,  G a l l i n r : ,  Seizin::  
Cams, Gears, S l i d r  !iurl, 
R o l l i n $  S u r f .  
R c l r a s e  Agent  o r  MvLaI Work 

- 
NOTI:S: E 

E - E x c e l l e n t  
V C.- Very  C n w l  

C - Good 
M - Mrdium 
I' - Poor 
I, - L i w i t e d  o r  L o w  
- - No Data or NtjI 

Appl i c a h l r .  
X - S a t i s f a  tory 

EVERLUBE EVERLUBE 
6 2 0  1 626 

SEE NOTE* 

YOS2 MoS2 
P h e n o l i c  R e s i n  P h e n o l i c  R e s i n  
(mod i I i e d  ) (modi f i e d )  

X x 
X X 

Rest Rrst 

191°C (375OF) 149°C (350°F) 
1.0 Ilr. 1.0 Hr. 

L 1. 
X X 
X X 
X X 

2r10*(: (50n0r)  2 6 0 " ~  ( 5 0 0 V )  
-221°C (-?65"1:) - 2 2 1 O C  (-365OF) 

. (5.9 x 108 N/m2 
:;, 100,000 psi) 
:alex 

! , 2 2 4  N (500 111.) 
:a 1 rx 

: 0.10 :- j 
I G c ' 

I x 

Y I :  
X 
X 
X 

- 
I:nr genrral tis(*, 

~ x ' ~ c . 1  l cnt  l l u i d  
r r s i  s t a i i c r .  Got 
a n t i  i r ic t ioi i  
Ti Im hiit ncrt n s  

EVERLUBE 
811 

MTL-L-81329* 

4 o S 2 / G r a p h i t e  
Sodium S i l i c a t e  

x . .  
X 

i r - D r y ,  15 mm. + 
6 Y ( 1 5 0 ° F ) 2  Hr. 
nd 204% (400'F) 

Xpqt 

Hr . 
X 
X 
L 
X 
X 

V . G .  

bh9"C (1200°F)  

X 
X 

10.4 x 108 N/mZ 
(b 1 5 0 , 0 0 0  p s i )  

G 

I. 
L 
1. 
L 

Negl . 
1. 13 x 1 0 - 7  N / m 2  

X 
X 
x 
X 
X 
x 

_______ 

K . P .  a n d  h i g h  
trmp. ,  r a d i a t i o n  
.and vaciiimi. 
Vi1 so  t o NASA 
Spec .  MSK-106, 
- l 4 3 . - 2 3 R .  KSC- 
I : - lZh . i n d  NASA 
100891'~ and m:iny 
iniltrst.  sprc. 

P h o s p h o r i c  A c i d  

:hen 191°C (375°F) 
1-1/2 Hr .  

'Eq -240°C ( -400°F)  

L 
L 
L 
L 

G 

N e g l .  

X 
X 
X 
X 
X 
X 

A n t i s c i z c  coat- 
i n g  t h r e a d s ,  T i t -  
r i n g s ,  c o u p l i n g s ,  
e t c .  P r i m a r i l y  
f o r  c r y o g e n i c  
u s e .  
"AIS0 NASA 1307 
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EVERLUBE CORPORATION 

PRODllCT NAME 
OR CODE 

PECIFICATION 
PPLICATION: Brush 

Dip o r  Tumble 
Spray 

Spray 

LPPLICATION: Brush 
Dip or Tumble 

:URE CYCLE: A i r  Dry 
Heat 
Temp/Time 

:CNPATIBILITY: LOX 
Oxygen (gas) 
Rocket Fuel 
J e t  Fuel  
Hydrocarbon 
Solvents  

W I A T I O N  PROPERTIES 

YJTGASSING PROPERTIES 

JSABLE TEMP. A i r :  (high) 
(low) 

Vacuum: (high) 
( l m )  

LOAD CAPACITY: Force 

Tes t  Method 

4EAR-LIFE: Load 
Tes t  Method 
Time 
Test Cond. 

FRICTION COEF. ; STATIC, A i r  
Vacuum 

DYNAMIC, A i r  
Vacuum 

ELECT. COXDUCTIVITY 

CORROSION RESISTANCE 

VACUUM WT. LOSS, N/m2 
m g / c J  
Vacuum 
Time 

USES: Rubber h P l a s t i c s  
OF1 Wood, Leather ,  F ibe r s  

Glass & Ceramics 
H e t a l s  

TYPICAL USES: Gen. Pimp. Lub. 
F r e t t i n g ,  Ga l l ing ,  Se iz ing  
C a m s ,  Gears, S l i d e  Surf .  
Ro l l ing  Surf .  
Release Agent or Metal Work 

VOTES: 

E - E x c e l l e n t  
V . C .  - Very Good 

M - Mediiim 
1' - Poor 
1. - Limi ted  or L r ~ w  
- - N o  Data o r  Not 

A p p l i c a b l e  
x - S a t i s f a c t o r y  

- Good 

ECOALUBE' EVERLOX 
642 16, 17, la 

4IL-L-46010 
3Sz - Metallic MoS2 and 
Kide Corrosion 
" h i b i t  or  Chemical  Bonded 
r s i n  B inde r  I 

X 
X 

R e s t  

04°C (400°F) 
1 .0  tlr. 

X 
X 
r 

X 

149°C (300°F) 
1 . 0  Hr. 

X 
X 
X 
X 
X 
.L 

c 

I 
260°C (500OF) 
-221°C (-365OF) 

X 
Cryogenic  

x 
X 

8,896N (2,000 Ih) c 

E'alex 

4,448)) (1 ,000 lh.) c 
V s l e x  

Ambi e n  t 
450 nun. 

L 

L 

V.C. c 

Cnod c o r r o s i o n  
r r s i s t . ,  r educe  
wear, p r e v e n t  
g a l l i n g .  Good 
adhes ion  and 
f l u i d  resist . ,  
Tor p a r t s  i n  
s t o r a g e  or  
a d v e r s e  e n v i r o n -  
meii t . 

X 
X 
X 
X 

I," 
L <: 
X 
x 
X 
X 
X 
X 

A n t i s e i z e  and 
a n t i  ga 1 l i n g  fi l m  
For cryogenic 11s 
*EVERLOX- 17, 18 
an a i r - d r y i n g  
form of t h f s  f i h  

3 
EVERLURE P E W - S L I  K 

96 7 

X 
X 

X Best 
4 i r - d r y ,  15 min. X 
m d  6h°C (150°F) - 
1 . O  l l r .  and 302OC 
LIZs"F1 IALtlL 

L L 
X X 
X X 

399°C (75OOF) 
-1R4"C (-300'F) 

6 . 9  x lo8 N / m L  
(100,000 p s i )  

c 

L 

L 

260°C (500'F) 
-184'C (-300'F) 

0 

I L 

X 

X 1 :  
~ X X X 

S p e c i a l  h i g h  tern 
f i l m .  For u s e  h 
a i r c r a f t .  s p a c e -  
c r a f t ,  missile 
and g e n e r a l  

P reven t  wear and 
r educe  g a l l i n g .  
General  a p p l i c n -  
tion, o f f i c e ,  
shop,  machinery . 

i n d u s t r y .  I - - bea r ings .  
p e a r s ,  v a l v e s ,  
i m t s ,  f i t t i n g s ,  
c t e .  

AIV- 22 



FEL-PRO, INC.  

,448 N (1,000 lb.) 

> 150 Min. 164 Min. 

4,448 N (1,OOOW 
F a l e x  I Falex  

4,448 N (1,000 lb.) 4,448 N (1,000 lh' 
Falex  F a l e x  

180 Min. 300 Min. 

- 
G M V.C. V.G. 

- 
X 
X 
X 
X 
X 
X - 

L 
L 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 

X 

- 

Very good so lvent  
and c o r r o s i o n  
r e s i s t a n c e ,  f o r  
wide v a r i e t y  o f  
m a t e r i a l s  and 
products .  

Exce l len t  wear 
c h a r a c t e r i s t i c s  
c o r r o s i o n  r e s i s t  
and r e l e a s e  
p r o p e r t i e s .  

FEL-PRO FEL - PRO FEL-PRO FEL-PRO 
c-200 C-300 C-640 C-651A 

- - MIL-L-8937 MIL-L-4601OA 

b S g  blended l u b e  Mas, blended l u b e  MoSz blended l u b e  Mas2 blended l u b  

OR CODE 

PROPERTIES 

SPECIFICATION 
CCMPOSITION: Lubricant 

BinderICarr ier  

APPLICATION: Brush 
Dip or Tumble 
Spray 

CURE CYCLE: A i r  Dry 
Heat 
Temp/Time 

CCMPATIBILITY: LOX 
Oxygen (gas) 
Rocket Fuel 
J e t  Fuel 
Hydrocarbon 
Solvents 

RADIATION PROPERTIES 

OUTGASSING PROPERTIES 

USABLE TEMP. A i r :  (high) 
(low> 

Vacuum: (high) 

I rganic  Binder  S e d - i n o r g a n i c  Epoxy-phenolic 
Binder  Binder  

X X X 
X - x 

no-Gra h i t e  
b o p ; p R e n o l l c  

X 
X 

X X X X - Air-dry  - 24 H r .  
260°C (500°F) 163°C (325'F) 204OC (400'F) 

L/2 H r .  1.0 H r .  1.0 H r .  
I I I 

X 
X 
X 

X 
X 
X 

- 
X 
X 

X 
X 

L L 

- 
Acceptable  

816'C (1500°F) 649°C (1200°F) 
-54OC (-65°F) -54°C (-65OF) 
1316'C (2400'F) X 

288°C (550°F) 
-73OC (-100'F) 

316°C (600°F) 
-73°C (-100°F) 

- 
(14) 

LOAD CAPACITY: Force 7,780 N 
(2,500 lb.)  (1,750 lb . )  

Fa lex  Fa1 ex 

-54°C (-65'F) X 
15,568 N 16,680 N 

(3,500 lb.) (3,750 lb.) 
Fa lex  F a l e x  Test  Method 

WEAR-LIFE: Load 
Test  Method 
Time 
T e s t  Cond. 

FRICTION COEF.; STATIC, A i r  

DYNAMIC, A i r  
Vacuum 

Vacurm 
ELECT. CONDUCTIVITY 

CORROSION RESISTANCE 

VACUUM WT. LOSS, N/m2 
mg/cm2 
Vacuum 
Time 

Ambient I Ambient I Ambient I Ambient 

L I L I L 1 L 

0.07 - 0.11 I 0.07 0.11 I 0.07 0.11 1 < 0.07 

G 

USES: Rubber & P l a s t i c s  
ON Wood, Leather, Fibers  

Glass & Ceramics 
Metals 

TYPICAL USES: Gen. Purp. Lub. 
Fre t t ing ,  Gal l ing,  Seizing 
Cams, Gears, S l ide  Surf. 
Rol l ing Surf. 
Release Agent o r  Metal Work 

NOTES : 
E - E x c e l l e n t  

V.G.  - Very Good 

M - Medium 
P - Poor 
L - Limited o r  Low 
- - No Data o r  Not 

Appl icable  
X - S a t i s f a c t o r y  

G - Good 

I 

Extreme l o a d s ,  
temp. and med. 
speed. Widely 
used on aircraft  
and missiles-- 
on steels, Mag., 
Ti tanium, Alum., 
e t c .  

Used on aero . ,  
automotive and 
g e n e r a l  machineq 
Improved prop- 
e r t ies  a r e  o b t a k  
ed by h e a t  c u r e  
a t  260°C (500°F) 
f o r  112 h r .  
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GENERAL MAGNAPLATE CORPORATION 

. 

Î. 

bonded f i l m  of  
hard-n icke l  & 
PTFE. Resist 
a b r a s i o n  and 

, c o r r o s i o n .  Pro- 
p r i e t a r y  process  
and h e a t  t reat .  
f i l m  f o r  s teel  
and copper  a l l o y s  

PROPERTIES 1 

L PECIFICATION 
:(MPOSITION: Lubricant 

Binder/Carrfcr 
-.. 

tPPLICATION: Brush 
Dip o r  Tumble 
Spray 

:URE CYCLE: A i r  Dry 
Heat 
Temp / Time 

:CMPATIBILITY: LOX 
Oxygen (gas) 
Rocket Fuel 
J e t  Fuel 
Hydrocarbon 
Solvents 

W I A T I O N  PROPERTIES 

)UTGASSING PROPERTIES 

ISABLE TEMP. A i r :  (high) 
(low) 

Vacuum: (high) 
(low) 

.OAD CAPACITY: Force 

Test Method 

IEAR-LIFE: Load 
Test  Method 
Time 
Test  Cond. 

:RICTION COEF. ; STATIC, A i r  
Vacuum 

DYNAMIC, A i r  
Vacuum 

:LECT. CONDUCTIVITY 

:ORROSION RESISTANCE 

'ACUUM WT. LOSS, N/m2 
mg/cm2 
Vacuum 
Time 

ISES: Rubber & P l a s t i c s  
IN Wood, Leather, Fibers  

Glass & Ceramics 
Metals 

YPICAL USES: Gen. Purp. Lub. 
F r e t t i n g ,  Gal l ing,  Seizing 
C a m s ,  Gears, S l ide  Surf. 
Rol l ing Surf. 
Release Agent o r  Metal Work 

IOTES: 
E - E x c e l l e n t  

V.G. - Very Good 
G - Good 
M - Medium 
P - Poor 
L - Limited or Low 
- - No Data o r  Not 

Appl icable  
X - S a t i s f a c t o r y  

8 
T U R F R ~  NEDOX 

i 

PFE impregnated PTFE & n i c k e l  
A1203 s u r f a c e  i i l m ,  p r o p r i e t a r y  

(Dronr iecaw)  .pmasL---- 

See Note See Note 
See Note See Note 

- 

X X 
X X 
X X 
X X 

X X 

316°C (600°F) 26OoC (500°F) 
-268°C (-450OF) c ryogenic  

V.G. 

- 
V.G. G 

0.04 - 0.08 0.04 
L 

0.04 - 0.08 0.04 
L 

Non -Cond. 
4 

N i l  

. 10-6 

Aluminum Ferrous  & Copper 
X X 
X X 
X X 
X X 
X X 

Elec t rochemica l  
bonded f i l m  f o r  
alum. Hard f i l m  
good wear and 
a b r a s i o n  prop. 
c o r r o s i o n  resist 
low f r i c t i o n  and 
good h e a t  t r a n s -  
f e r .  

P r o p r i e t a r y  f i l m  
f o r  Pi t an iuni  
(see nnte)  - 
a_ 

Sce Note 
See Note 

X 
X 
L 
X 

X 

371°C (700°F) 
c ryogenic  

X 

V . C .  

T i  tnnium 
X 
X 
x 
X 
X 

Elec t rochemica l  
bonded hard f i l m  
impregnated with 
TFE, MoS2 o r  
Graphi te .  Resis 
c o r r o s i o n  and h a  
h igh  f a t i g u e -  
s t r e n g t h  b e a r i n g  
prop. 

t3 I11 -T-LUBE 

P r o p r i e t a r y  f i l m  
and process  

- 

See Note 
See Note 

impact S e n s i t i v e  
L 
No 
X 
X 
x 

X 

X 

538°C (IOOOOF) 
-54°C (-65'F) 

High 

High 

c 

< 0.10 

< 0.10 

Good adhes ion ,  
and h e a t  cond. 
P r o p r i e t a r y  f i l m  
and c u r e  c y c l e .  
P r i m a r i l y  f o r  
h igh  s t r e n g t h  
and high temp. 

I 
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GENEPAL MAGNAqLATE CORPORATION 

G 

E 

L 

0.012 - 0.03 

PRODUCT NAME 

PROFERTLES 

SPECIFICATION 
CCNPOSITION: Lubricant  

B inde r ICar r i e r  

APPLICATION: Brush 
Dip o r  Tmnble 
Spray 

CURE CYCLE: A i r  Dry 
Heat 
TempIThe 

CCNPATIBILITY: LOX 
Oxygen (gas) 
Rocket Fuel  
J e t  Fuel  
Hydrocarbon 
So lven t s  

RADIATION PROPERTIES 

G M 

2802 N (630 Ib . )  
MacMi l l a n  
> 80 H r .  
Ambient 

0.025 - 0.030 0.10 - 0.40 

OUTGASSING PROPERTIES 

USABLE TENP. A i r :  (high) 
(low) 

Vacuum: (high) 
(low) 

LOAD CAPACITY: Force 

Tes t  Method 

WEAR-LIFE: Load 
T e s t  Method 
Time 
Tes t  Cond. 

FRICTION COEF,; STATIC, A i r  

DYNAMIC, A i r  
Vacuum 

G 

L 

Vacuum 

CORROS I O N  RESISTANCE G L 

- 

L 
L X 

VACUUM WT. LOSS, N/m2 
mg/cm2 
Vacuum 
Time 

f i l m  f o r  many 
uses .  P r e v e n t s  
g a l l i n g ,  s e i z i n g  
c o l d  we ld ing ,  
f r e t t i n g  corro- 
s i o n ,  etc. F o r  
severe e n v i r o n -  
ments .  

USES: Rubber h P l a s t i c s  
ON Wood, Leather ,  F ibe r s  

Glass & Ceramics 
Metals  

TYPICAL USES: Gon. Purp. Lub. 
F r e t t i n g ,  Ga l l ing ,  Se iz ing  
Cams,  Gears, S l i d e  Surf .  
Ro l l ing  Surf .  
Release Agent o r  Metal  Work 

NOTES: 
E - E x c e l l e n t  

V . G .  - Very Good 

M - Medium 
P - Poor 
L - Limi ted  o r  Low 
- - No Data o r  Not 

A p p l i c a b l c  
X - S a t i s f a c t o r y  

C, - Good 

1 p r e s s u r e ,  temp. and l o w  
and h i g h  speed f o r  p a r t  
a p p l i c a t i o n s .  and g e n e r a l  u se .  
Good f o r  s e v e r e  Reduces wear ,  
env i ronmen t s .  s e i z i n g  and 

MACX ALUBE 
D-5261 

MAGN ALUBE@ 
0-801 D-4821 

260°C (500°F)  260°C (500'F) 

-54°C (-65'F) I 1-54"C (-65OF) 1 

+ 
X 
X 
X 

Durab le  s o l i d  High b e a r i n g  

g a l l i n g .  
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PRODUCT NAME 

PROPliRTIES 

SPECIFICATION 
CMPOSITION: Lubricant 

Binder/Carrier 

APPLICATION: Brush 
Dip o r  Tumble 
Spray 

CURE CYCLE: A i r  Dry 
Heat 
Temp / Time 

CCMPATIBILITY: LOX 
Oxygen (gas) 
Rocket Fuel 
J e t  Fuel 
Hydrocarbon 
Solvents 

RADIATION PROPERTIES 

OUTGASSING PROPERTIES 

USABLE TEMP. A i r :  (high) 
(low) 

Vacuum: (high) 

X 
X 
X - 

(low) 
LOAD CAPACITY: Force 

X X 
X X 

Best Best - - 

Test Method 

WEAR-LIFE: Load 
Test Method 
Time 
Test Cond. 

FRICTION COEF.; STATIC, A i r  

DYNAMIC, A i r  
Vacuum 

E 

Vacuum 
ELECT. CONDUCTIVITY 

CORROSION RESISTANCE 

VACUUM WT. LOSS, N/m2 
mgIcm2 
Vacuum 
Time 

USES: Rubber & P l a s t i c s  
ON Wood, Leather, Fibers 

Glass & Ceramics 

- - 
V. G. M 

Metals 
TYPICAL USES: Gen. Purp. Lub. 

Fre t t ing ,  Galling, Seizing 
Cams, Gears, Sl ide Surf. 
Rolling Surf. 
Release Agent or  Metal Work 

NOTES : 
E - Excel len t  

V.G. - V e r y  Good 

M - Medium 
P - Poor 
L - Limited o r  Low 
- -  No Data o r  Not 

Applicable  
X - S a t i s f a c t o r y  

G - Good 

Fungus r a s i s t . p e r  
MIL-E-5272A. 
Most wide ly  used 
Henderson d r y  
f i lm.  

H. A. HENDERSON CU4PANY 

I I I 

Henderson d r y  e t c .  
f i l m ,  402A and 
413 account  f o r  
90 t o  95% usage. ($351)~~) 

Short  per iods  of 
time above 4 5 4 0 ~  

HENDERLUBE HENDERLUBE 
~ 413 402A 

MIL-L-8937A I MIL-L-46010A 

NOS?, c o r r o s i o n  I NOS,, Corros ion  

HENDERLUBE 
462A 

- 
MoS2, Corrosion 
I n h i b i t o r  and 
Modified S i l i c o n e  

163°C (325'F) 
30 Min. 1.0 Hr. I 

No I I 
L 

- 
260 'C (500 "F) 
-73'C (-100OF) - - 

13,789 N 
(3,100 lb.) 

Falex 

1,448 N(1,OOO Ib.) 
Falex 

> 330 M i n .  
Ambient 

L - 
0.035 t o  0.040 

- 
260OC (500OF) 
-73% (-100'F) 

- - 
10,008 N 
(2,250 lb . )  

Fa lex  

4,448 N(1,OOOlbJ 
Fa lex  

> 600 M i n .  
Ambient 

L 

L 
- 

454OC (850'F) 

593OC (1100'F) 
-73°C (-100'F) 

-73°C (-100°F) - 
- 
- 
- 
- 
- 
L - I L 
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H O W  PLATING AND MANUFACTURING, INC. 

USABLE TEMP. A i r :  (high) 399°C (750°F) 399°C (750'F) 260°C (500'F) 316°C (600'F) 
( 1 4  X X -54°C (-65'F) X 

(low) X X - - 
LOAD CAPACITY: Force G G - 

Vacuum: (high) X X 

Test Method - - - 
WEAR-LIFE: Load G G 4,448 N(1,OOOlb.) - 

Test Method - - Falex - 
Time G G 500 Min. 
Test Cond. - - Ambient - 

'FRICTION COEF.; STATIC, A i r  L L L L 
Vacuum L L - 

DYNAMIC, A i r  L L L L 
Vacuum L L - - 

ELECT. CONDUCTIVITY - - - 
CORROSION RESISTANCE G Very Poor E - 
VACUUM UT. LOSS, N/m2 - 

mglcln2 - - - - 
Vacuum - 
Time - - - - 

USES: Rubber & Plas t ics  L 
ON Wood, Leather, Fibers X 

Glass & Ceramics X X X X 
Metals X X X X 

TYPICAL USES: Gen. Purp. Lub. X X X X 
Fre t t ing ,  Galling, Seizing X X X X 
Cams,  Gears, Sl ide Surf. X x X X 
Rolling Surf. X X X X 

- - 
- 

Release Agent or  Metal Work - - 
NonfEammable. Contains MoS2 andconta ins  no S imi la r  t o  AFSL- 

41 b u t  has  b e t t e  For use i n  a o t h e r  piginent g r a p h i t e  O r  

vacuum o r  l i q u i d  lubes,  b u t  no powdered adhesion and 
oxygen systems. graphi te .  Has sion and f l u i d  r e s i s t a n c e  

G - Good maximum endurance p r o p e r t i e s .  con-: May be h e a t  curet 
M - Medium l i fe  t o  3 9 9 " ~  t a i n s  compounds at 249°C (480OF) 
P - Poor (750°F). F a i r  ::$ ~ $ ~ ~ ~ ~ ~ , t ~  f o r  30 m i n .  May 
L - Limited o r  Low - - No Date o r  Not 

adhesion. n o t  b r e a t h  fumes be used On tits- 
o r  use on food nium- 
equipment. Applicable  

X - S a t i s f a c t o r y  

NOTES : 
E - Excel len t  

V.G. - Very Good Excel len t  corro-  
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HOWAN PLATING AND MAMUFACTURING.,. INC. 

- 
MoS2 Modii ied 
Resin Bindcr  

X 
X 

Best 
Air-Dry, 45  SCC. 
191OC (375OF) 

1.0 lir. 

- 
L 
X 
X 
X 

5 PIX’ I P ICATION 
CRIPOSITION: Lubricant 

Bindcr/Carr ier  

\I’PLICATION: Brush 
Dip o r  Tumble 
Spray 

CURL CYCLE: A i r  Dry 
Hcat 
Temp/ Time 

CCM’ATIBILITY: LOX 
Oxygen (gas) 
Rockft Fuel 
Jet  Fuel 
Hydrocarbon 

- 
TFE 

Phcnol ic  Resin 

- 

X 

149% (300°F) 
1.0 H r .  

- 
X 
X 
X 
L So lvcn ts  

ILWIATION PROPERTIES 

X 
X 
L 

> 427°C (> 800°F) 
X 

V.G. 

2,802 N (630 lh . )  
MacMillan 

8cI 111.  
7.9 m .  (26 f t l m i n )  

L 

0.003 
- 
- 

OUTGASSING PROPERTIES 

X 
X 
L 

- 
260°C (500°F) 
-54°C (-65°F) - 

M 

- 

- 
L 

L 
- 

USABLE TEMP. A i r :  (high) 
(low) 

Vacuum: (high) 

V.G. 

(low) 
LOAD CAPACITY : Forcc 

L 

Test Method 

WEAR-LIFE: Load 
Test  Method 
Timc 
Test  Cond. 

FRICTION COEF.; STATIC, A i r  

DYNAMIC, A i r  
Vacuum 

X 
X 
X 

Vacuum 
ELECT. CONDUCTIVITY 

X 
X 
X 

CORROSION RESISTANCE 

X 
X 

For p a r t  assembly 
~ r e a k - i n  Lube, 
a revents  f r c t t i n g  
:orrosion. Anti- 
seize f i l m  f o r  
zxtreme p r e s s u r e  
m d  ternpcrature. 

VACUUM WT. LOSS, N/m2 
mgIcm2 
Vacuum 
Timc  

USES: Rubber & P l a s t i c s  
ON Wood, Leather, Fibers  

Glass & Ceramics 

X 
X 
L 

E x c e l l e n t  adhc- 
sion, low f r i c -  
Lio i i ,  reduces 
\;+ai-, s e i z i n g  a r  
p a l l i n g .  P a r t  
assunlr ly ,  machir 
shop, t r u c k  au tc  
motive,  o f f i c e  
and home USE. 

Metals 
TYPICAL USES: Gen. Purp. Lub. 

Fre t t ing ,  Gal l ing,  Seizing 
Cams, Gears, S l ide  Surf. 
Rol l ing Surf. 
Release Agent o r  Mctal Work 

NOTES : 
E - Excellent 

V.G. - Very Good 
G - Good 
M - Medium 
P - Poor 
L - Limited o r  Low 
- - No D a t a  o r  Not 

App l i c a b  le 
x - S a t i s f a c t o r y  

I 
SURF- KOTE“3 I 359 (360tc) 

SURF-KOTE-‘) 
H-108 

I 
260°C (500’F) 177°C (350°F) ~~I 
2,802 N (603 lh . )  

MacMillan 
V.C. - I’ 

Amhjrnt - Hi-T 

0.012 t o  0.03 

X - X I :  

s UW- KOTE 5 
M-1284 

41L-L-8937 

MoS2 
I c t a l  M a t r i x  
L s i n  

X 

SURF-KOTE ’. 

Pigment Lube 
Resin Bond 

- 
X 

- 
- 

L 
L 
x -  
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LUBECO, INC. 

Metals 
YPICAL USES: Zen. Purp. Lub. 

Fret t ing,  Galling, Seizing 
Cams, Gears, S l ide  Surf. 
Rolling Surf. 
Release Agent o r  Metal Work 

IOTES : 

X 
X 
X 
X 
X 
- 

Used on meta l  sub 

PRODUCT NAME 
OR CODE 

Lubeco 
PROPIiRTIES 

Lubeco 
2123 

Lubeco Lubeco 
20 23B M-390 

- - 
Blended Inorganic  Blended S o l i d  
S o l i d  Lubes Lubes, Organic 

Binder 

E l e c t r o p h o r e t i c  X 
Binder System X 

X 
Nonrequired - 
See  Above - 

- - 

- 
PEC IFICATION 
OMPOSI?ION: Lubricant MoS2, t i raphl te  an 

Other S o l i d  Lubes 
Binder/Carrier Complex Chemical 

Blended Inorgani  
S o l i d  Lubes 

E l e c t r o p h o r e t i c  
Binder System 

Bider  
PPLICATION: Brush Elec t rodepos i t ion  

(Applied by Lubeci Dip o r  Tumble 
Spray h l Y )  

URE CYCLE: A i r  Dry - 
Heat 204°C (400'F), 
Temp/Time Accelera tes  

P l a t i n g  
OMPATIBILI'IY: LOX - 

Nonrequired 
See Above - 
N o  React ion 
I t  I, 

11 I ,  
W g e n  (gas) 
Rocket Fuel 
J e t  Fuel 
Hydrocarbon 
Solvents I - 

ADIATION PROPERTIES X 

X 
X 

UTGASSING PROPERTIES 

SABLE TEMP. A i r :  (high) 
(low) 

Vacuum: (high) 

G 

260'C (500°F) 
.269'C (-452°F) 

427°C (800'F) 
-26geC (-452OF) 

- 
- 
G 

X 
(10d X 

.OAD CAPACITY: Force G 

Tes t  Method - 
EAR-LIFE: Load 2802N (630 Ib.) 

Test Method McMillan 
Time 164 H r .  
Test Cond. Ambient 

'RICTION COEF.; STATIC, A i r  0.060 
Vacuum - 

DYNAMIC, A i r  0.010 - 0.050 

L 
L 
L 
L 
- 

vacuum I 0.040 
LECT. CONDUCTIVITY 1 - 

ORROSION RESISTANCE 1 M M 

'ACUIIM WT. LOSS, Nfm2 
mgfcm2 
Vacuum 
Time 

< 0.01% 

(1x106 Torr)  - 

- 
- 

Hard Vacuum 
- 

- 
Hard Vacuum 

X 

'SES: Rubber & Plas t ics  
IN Wood, Leather, Fibers 

Glass & Ceramics 

X 

X 
I X 

f r i c t i o n  lube;  
long wear- l i fe ,  
h i g h  loads ,  and 
l o w  speeds a t  
e l e v a t e d  temp. 
Adheres to  a l l  
nonferrous metal 
without  h e a t  
c u r e  cyc le .  

Low f r i c t i o n  a t  
h igh  temp., 816'C 
(1500OF) f o r  
s h o r t  per iods .  
Vacuum compatible 
nontoxic  and 
good chemical re- 

A l l  purpose dry  
f i l m  f o r  genera 
use. Gears, 
f a s t e n e r s ,  s l i d  
s u r f a c e s ,  ma- 
ch inery ,  e t c .  

strates. P a r t s  
t h a t  rub, s i d e  o r  
r o l l  a t  temp. up 
t o  260'C (500°F) 
B a l l ,  r o l l e r ,  and 
s l e e v e  bear ings ,  
screws, n u t s ,  
gears ,  e t c .  

i s i s tance .  Lubeco 
2023B is similar, 
very i n e r t  t o  
chem. a t t a c k .  
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MICROSEAL CORPORATION 

SPECIFICATION 
CU4POSITION: Lubricant 

BinderjCarr ier  

APPLICATION: Brush 
Dip o r  Tumble 
Spray 

Heat 
Temp/Time 

CURE CYCLE: A i r  Dry 

CCMFATIBILITY: LOX 
Ovgen (gas) 
Rocket Fuel 
J c t  Fuel 
Hyd r oc a r b  on 
Solvents 

RADIATION FROPERTIES 

PROIIUC C NAME Microsea 1 Microsea l  
100-1 200-1 

05-10626-A* 
G r a p h i t e ,  I n -  
o r g a n i c  Binder  
@ r o p r i e t a r v )  - - 

7 Days o r  
149°C (300°F) 

2.0 H r .  

Impinged 

No React ion 
No React ion 

X 
X 
X 
X 
G 

OUTGASSING PROPERTIES 

USABLE TEMP. A i r :  (high) 
(low) 

Vacuum: (high) 
(1aJ) 

LOAD CAPACITY: Force 

Test Method 

WEAR-LIFE: Load 
Test  Method 
Time 
Test  Cond. 

FRICTION G E F . ;  STATIC, tiir 
Vacuum 

Vacuum 
DYNAMIC, A i r  

ELECT. CONDUCTIVITS 

CORROSION KESISTAKCE 

G 

1093’C (2000°F) 
-253°C (-423O1.‘) 
1482°C (2700OF) 
-253OC (-423°F) 
Limited By Base 
!laLerial 

3.45 x IO7 N/mZ 
(5,000 p s i )  

L 
1. 

L 
X 

X 

0.06-0.07 

MIL-L-8937 
MoS2, I n o r g a n i c  
Binder  System 
( P r o p r i e t a r y )  

- 
Impinged 
7 Days o r  

149OC (300°F) 
2.0 H r .  

593°C (1100OF) 

760°C (1400OF) 

Limited By Base 
Material 

-109OC (-165’F) 

-109OC (-165OF) , 

V.G. 

- 
L 
L 

0.02 

No React ion 
X 
X 
X 

VACUUM WT. LOSS, N/m2 
*g/cIJ 
Vacuum 
Time I 

G 

Negl . Nrgl .  

( 1 0 - 9  Torr )  ( 10-9 Torr) 
1.33 Y N/m2 1.37 x N/m2 

371°C (700OF) 
-198°C (-325°F) 

( 1400°F) 
-198OC (-325OF) 
Limited By Base 
Ma tr ria 1 

V.G. 

USES: Rubber & P l a s t i c s  
01: Wood, Lcather, Fibers  

Glass & Ceramics 
Metals 

TYPICAL LrSES: Gen. Purp. Lub. 
F r e t t i n g ,  Gal l ing,  Seizing 
Cams, Gears, S l i d e  Surf. 
Rol l ing Surf. 
RrLcane hgrnt  or  k r t a l  Work 

NOTES: - excc.Ilpnt 
V.G. - Very Good 

G - G(iotl 
1.1 - M r d i i i n i  
I’ - I’oor 
1. - 1.i m i  t rd  o r  T.ow 
- -  No Data o r  NoL 

Appl i c a b l c  
X - S n t i s f a c t o r y  

1 

L 
J, 

0.02-0.06 

1, 1. 
1. L 
X X 
X X 
X x 
X X 
X X 
X x 
1. L 

WSN/BW Sprc.  Sinii1;ir t o  100-1 
Nonllarnmlblc and but  !!as m i l c h  lowc 
nonexplosLvv. 1 r i c t i o n  (luc t o  
Grncrn 1 ptirposr nos2 i n  p l a c e  of  
Itihr. P n r  vacuum g r a p l i i t r .  Higher 
114’7. ionds than  100-1. 

x 

Microsea l  
300-1 

Tungs t e n  D i s u l -  
f i d e  i n o r g a n i c  
B i n d e r  ( P ~ n w b l  

Impinged 
7 Days o r  

149’C (300°F) 
2.0 Hr. 

No React ion 
X 
X 
X 
X 
G 

G 

482OC (900OF) 

760°C (1400°F) 

Limited By Base 

-198°C (-325°F) 

-198°C (-325OF) 

M a t e r i a l  

V.G. 

I; 
L 

0.04 

G 

Negl. 
1.33 x 10-7 N/m; 

Torr )  

’ungsten d i s u l f i ’  
o r  s p e c i a l i z e d  
ppl icn  t i o n s .  
mod chemical  
. e s i s t a n c e .  

Microsea l  1 200-23 

- 
MoS2 and High 
Temperature  
B i n d o r  - 

Impinged 
7 Days o r  

2.0 H r .  
149°C (300°F) 

- 
No React ion  

X 
X 
X 
X 
G 

I G 

Negl. 
1.33 10-7 NIJ 

Torr) 

bui ld-up  than  
200-1, good f o r  

Used on t o o l s  
shear -sp inning  
and r o l l  e x t r u -  
s ion .  
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MIDWEST RESEARCH INSTITUTE 

PRODUCT NAME 

PROPERTIES MLF-5 MLF-9 

j PECIFICATION 
:CMPOSITION: Lubricant 

BinderJCarr ier  

ZPPLICATION: Brush 

MSFC 502 MSFC 253 

MoS2, Graphi te  MoS2, G r a p h i t e  

S i l i c a t e ,  Water Phosphate c ? x  
Gold, sodium B i s m u t h , A l ~ i n W  

X X 

538" C (lOOO°F) 
-73°C (-100OP) 

Vacuum: (high) 538°C (lOOO°F) 
-73'C (-100°F) 

16,680 N(3,750 l b .  

USABLE TEMP, A i r :  (high) 
(low) 

LOAD CAPACITY: Force 

Dip o r  Tumble 
Spray 

Heat 
Temp 1 Time 

:URE CYCLE: A i r  Dry 

XMPATIBZLITY: LOX 
Oxygen (gas) 
Rocket Fuel 
J e t  Fuel 
Hydrocarbon 
Solvents 

RADIATION PROPERTIES 

OUTGASSING PROPERTIES 

and 149OC (300'F; 
8 H r .  I___̂ .---- 

X 
X 

A i r  Dry 30 Min. 
82'C (180'F) 2 111 
and 149°C (300°F] 
8 Hr. - 

E 
X 
- 
- 
- - 

E x c e l l e n t  

Acceptable  

E 
X 

Test  Method 

dEAR-LIFE: Load 
Test  Method 
Time 
Test Cond. 

FRICTION COEF.; STATIC, A i r  
Vacuun 

DYNAMIC, A i r  

- 
E x c e l l e n t  

- 
37l0C (700OF) 
-73°C (-100°F) 
371OC (700'F) 
-73'C (-100°F) 

20,016N (4,500 lb .  

Falex Fa lex  

Falex Falex 
86 Min. 57 Min. 
5 .78 m?(19 f t l m  i n ) 5 . 7 8  m"C(19 f t /miI  

0.29 0.30 - - 
0.15 0.20 

4448 N (1,000 l b . )  4448N (1 ,0001b. )  

CORROSION RESISTANCE 

V.\CULN TIT. LOSS, N/m2 
-.___ 

Vacuum 

Time 

IJSLS: Rubber & P l a s t i c s  
ON Wood, Leather, Fibers  

Glass & Ceramics 
Metals 

TYPICAL USES: Gen. Purp. Lub. 
F r e t t i n g ,  Gal l ing,  Seizing 
Cams,  Gears, S l ide  Surf. 
Rol l ing Surf. 
Release Agent o r  Mctal Work 

vacuum I - I - 
I M ELECT. CONDUCTIVITY - 

No - 
-- - ---I--- 

0 . 4 6 ~  0.34J 
1.33 x Nfm' 1.33 x loq4 N/m2 

(10-6 t o r r )  (10-6 t o r r )  
528 H r .  528 H r .  

- - 
- - 
- - 
X X 
X X 
X X 
X X 
X X 
- - 

Developed on a LOX compt. f i l m  
NASA c o n t r a c t  good f o r  h igh  
f o r  LOX compt. loads .  L e s s  
and h igh  temp. expens ive  than  

MLF- 5. 

* Meters p e r  minute  v e l o c i t y .  

NOTES : 
E 

G 
M 
P 
L 

V.G. 

- 

X 

- E x c e l l e n t  
- Very Good 

- Medium 
- Poor 
- Limited o r  Low 
- No Data o r  Not 

Appl icable  
- S a t i s f a c t o r y  

- Good 

MLR-2 

50M60434 

[os2 + SbgO3 

'olvmide 
X 
X 
X 

i r  Dry 30 Min. 
49OC (300'F) 1.( 
Lr. and 302OC 
575'F) L.0 Rr. 

G 

X 
X 

." _____-- 

E x c e l l e n t  

Arcer, t ab l e  

160°C (5OOOF) 
X 

0,OloN (4,500 
b . )  
Falex 
1448N(1,000 l b . )  
Falex 
102 Min. 
,78 m ? ( m  

0.23 

0.18 
- 

_ _  -- 
0.0775 

1.33 x N/m; 
(10-6 t o r r )  

528 H r .  

Do n o t  use  w i t h  
o t h e r  lubes .  
For s e v e r e  wear- 
l i f e  cond. and 
e l e v a t e d  temp. 

MLR-66 

- 
+os2 -!- Sb2O3 
Po lypheny l e n e  
S u l f i d e  - Alcoho - 

X 
- 

34°C (200°F) 1 H r  
371°C (700'F) 
G H r .  

- 
- 
- 
- 

427OC (800'F) 
R.T. 

- 
20,016N (4,500 
l b . )  
Falex 

448N (1,000 l b . )  
Falex 
> 600 Min. 

New f i l m  t h a t  
has  n o t  y e t  been 
completely ev-1- 
uated.  

I 
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MIDWEST RESEARCH INSTITUTE 

T e s t  Method 

E - Excellent 
V.G. - V e r y  G o o d  

:4 - Medium 
P - Poor 
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NATIONAL PROCESS LNDUSTRIES 

OR CODE 

I’KOl’l ‘RTIES 

SPECIFICATION 
CCNPOSITION : Lubricant 

Binder/Carr icr  

APPLICATION: Brush 
Dip o r  Tumble 
Spray 

CURE CYCLE: A i r  Dry 
Heat 
Temp / T h e  

COMPATIBILITY: LOX 
Oxygen (gas! 
Rocket Fuel 
J e t  Fuel 
Hydrocarbon 
Solvents 

RADIATION PROPERTIES 

OUTGASSING PROPERTIES 

USABLE TMP. A i r :  (high) 
(low) 

Vacuum: (high) 
( lag)  

LOAD CAPACITY: Forcc 

Test Method 

WEAR-LIFE: Load 
Test  Method 
T h c  
Test  Cond. 

FRICTION COEF.; STATIC, A i r  

DYNAMIC, A i r  
Vacuum 

Vacuum 
ELECT. CONDUCTIVITY 

CORROSION RESISTANCE 

VACUUM WT. LOSS, N/m2 
mg/cm2 
Vacuum 
Time 

USES: Rubber & P l a s t i c s  
ON Wood, Leather, Fibers  

Glass & Ceramics 
Metals 

1YPICAL USES: Cen. Purp. Lub. 
F r e t t i n g  , Gall ing,  Seizing 
Cams, Gears, S l ide  Surf. 
Rol l ing Surf .  
rlelease Agent o r  Mctal Work 

NOTES: E - E x c e l l e n t  
V.G. - Very Good 

M - Medium 
P - Poor 
L - Limited o r  Low 

No Data o r  Not 
Appl icable  

G - Good 

- -  
X - S a t i s f a c t o r y  

I I 

X - 
X 
X 

- 
X 
X 

I L 
E I 

-73OC (-100°F) -62 OC (-8OOF) 
538OC (1000’F) 

X 
x 
X 

Developed on n 
NASA c o n t r s c t  f c  
LOX cornpat ih i l i t  
and h igh  loads .  

X 
X 
X 

F o r  m e t a l  s u r -  
f a c e s  s u b j e c t  t o  
mechanical  wear, 
i n  f l u i d s ,  ex- 
treme tempera- 
t u r e  and h igh  
loads .  

X 
X 
X 

I 

‘May b e  used wi th  
convent iona l  
lubes  as a back- 
up wi th  g r e a s e  
t r i c t i o n  coeE- 
f i c i e n t  is 0.02. 
Conduct e l e c t  . 
Good s t o r a g e  and 
h e a t  p r o p e r t i e s .  

NPI-425 
(MLR-2 ) 

NASA 5OM60434 

{os2 and Sb2O3 
Polymide Resin 

X 
X 

Best 
A i r  Dry, 30 Min 
149°C(3000F), 
1.0 H r . ,  302°C 
(575’F) .1.0 H r .  

G 

X 
X 

E 

Acceptable  

26OOC (500°F) 
X 

20,016N (4,500 
lb . )  

Fa lex  
4,4481 (1,000 It 

Fa lex  
> 8.0 H r .  
Ambient 

0.23 

0.18 

0.0775 
1.33 1 0 - 4 ~ 1 ~ 2  

(10-6 T o r r )  
528 H r .  

X 
X 
X 
X 
X 

Do n o t  use  wi th  
o t h e r  lubes.  
For s e v e r e  wear- 
l i f e  c o n d i t i o n  
and e l e v a t e d  
temperature .  

I I 

AIV-37 



NATIONAL PROCESS 1NI)USTRIES 

Oxygen (gas) 
Rocket Fue 1 
Jet Fuel 

CORROSION RESISTANCE 

VACUW WT. LOSS, N/m2 - - I 
-- 

mglcm2 I 
! Vacdunl 

Timc 

USES: Rubber & P l a s t i c s  
ON Wood, Leather, Fibers  

Glass & Ceramics X 
Metals X X 

TYPICAL USES: Gen. Purp. Lub. X X 
F r e t t i n g ,  Gal l ing,  Seizing X X 
Cams,  Gears, S l ide  Surf. X X 
Rol l ing Surf. L - 
Release Agent or  Metal Work 

Jeveloped for XB- *AFSL-28 
70. HigtiesL I r k -  j)eveloped for u s e  
:ion a t  R.T., low- a t  1000°F i n  a i l  
3 s t  a t  288’~ environment. 
(550’F). Should be Where i t  has  i t s  
i sed  d r y ,  no f l u i d  b e s t  f r i c t i o n  
Yay be a p p l i e d  to 
;tee1 and t i t a n i u m  erties. Work 
iome aluminum b e s t  on Ni-based 
nl loys.  a l l o y s .  

Noms: E - Excel lPnt  
V.G.- Very Good 

G - Good 
M - Medium 
P - Poor 
L - Limited or Low 
- - No Data o r  Not 

Appl icable  
X - S a t i s f a c t o r y  

and wear prop- 
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POXYLUBE, INC. 

APPLICATION: Brush 
Dip or  Tumble 
Spray 

Heat 
TempITime 

CURE CYCLE: A i r  Dry 

CaMPATIBILITY: LOX 
Oxygen (gas)  
Rocket Fuel  
J e t  Fuel  
Hydrocarbon 
So lven t s  

RADIATION PROPERTIES 

OUTGASSING PROPERTIES 

OR CODE 

X 
X 

Best 
A i r  Dry, 24 H r .  - 

- 

L 
L 
L 

X 
Best - 

X 
B e s t  - 

149OC: (300°F) 
1.0 Hr. I 191OC (375'F) 

1.0 Hr.  

L 

NOTES: E - E x c c l l c n t  
V.G. - Very bood 

M - McdiL.i 
P - Poor 
L - Limi ted  o r  Low 
- - No Data o r  Not 

A p p l i c a b l e  
X - S a t i s f a c t o r y  

G - Guod 

X I 

USABLE TEMP. A i r :  (high) 
(low) 

Vacuum: (high) 

79'C (175OF) 
-221°C (-350°F) 

(1W) 
LOAD CAPACITY: Force G 

I -  

Test  Method 

WEAR-LIFE: Load 
Tes t  Method 
Time 
' tes t  Cond. 

FRICTION COEF'.; STATIC, A i r  
'racuum 

Vacuum 
DYNAMIC, A i r  

ELECT. CONDUCTIVITY 

t 

M 

M 

1. 

T. 

- 

V.G. V.C. 

-~ 

CORROSION RESISTANCE 

VACUUM WT. LOSS, N/m2 
mg/cm' 
*;acUym 
Time 

USES: Rubber ti P l a s t i c s  . L 
ON Wood, Leather,  F i b e r s  I. 

Glass & Ceramics x 
Metals  

TYPICAL USES: Gen. Purp. Lub. X 
F r e t t i n g ,  Ga l l ing ,  Se iz ing  X 
Cams, Gears, S l i d e  Sur f .  X 
Ro l l ing  Surf .  X 
Release Agent o r  Metal  Work 

I -  

1. 

I, 
L 

G 1 :  

t i i r  

I 

L 
L 

G 

G 

1 I I 

I L L 

X X 

Zenera? u s e ,  good 
h L a i - l i f c  L d d t  

s t a b i l i t y .  B e t t e r  

AIV-3 9 

Hard L l i ~ d l  1, f i l m  
f b ~  d e . . e r - l  ub . 
Vcry ~ , , ~ . 1  Pdhr-  

General use f o r  
a n t i s e i z e  aid 

a n t i g a l l i n g ,  Voz 
m o d e r a t e  temp., 
loads and wear .  
*330 i s  s i m i l a r ,  
has less resin 
and w i l l  air- 
d r y  i n  30 min. 
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PRODUCT TECHNIQUES, INCORPORATED 

MoS2 and 
Resin Binder  

X 
X 

163°C (325'F) 
1 . 0  H r .  

L 

OR COnC 
TECLUBE 

L'ROl'ERTIES PT- 1 4  

MoS2-Superfine, MoS2-Microfine, 
S i l i c o n e  Resin Polymer Res in  

( a i r  d r y )  
X 

X X 
X X 

249°C (480'F) - 
1 . 0  H r .  - 

A i r  Dry, 1.0 H r .  

- 
L L 

SPECIFICATION I 
COMPOSITION : Lubricant I MoS?, Graphi te  

BindcrICarr icr  

APPLICATION : Brush 
Dip o r  Tumble 
Spray 

CURE CYCLE: A i r  Dry 
Heat 
TempITime 

COMPATIBILITY : LOX 
Oxygen (gas! 
Rocket Fue 1 
J e t  Fuel 
Hydrocarbon 
Solvents 

RADIATION PROPERTIES 

OUTGASSING PROPERTIES 

USABLE W P .  A i r :  (high) 
(low) 

Vacuum: (high) 
(low) 

LOAD CAPACITY: Force 

T e s t  Method 

WEAR-LIFE: Load 
Test Method 
Time 
Test  Cond. 

FRICTION COEF.; STATIC, A i r  
Vacuum 

DYNAMIC, A i r  

- 
Epoxy Resin 

X 
X 

163°C (325'F) 
1 . 0  H r .  

- 
L 
L 
L 

288°C (550'F) 
-73'C (-100°F) 

2 .76 x 108 N/m2 
(40,000 p s i )  

M 

G 

0.025 - 0.075 
vacuum I 

ELECT, CONDUCTIVITY 

L 
L 

L L 
L L 

VACUUM WT. LOSS, N/m2 
mg/cm2 
Vacuum 
Time 

CORROSION RESISTANCE M 

I 
Genera l  a n t i s i e z f  
l u b e  f o r  s l i d i n g ,  NOTES : 

USES: Rubber & P l a s t i c s  
ON Wood, Leather, Fibers  

Glass & Ceramics 
Metals 

TYPICAL USES: Gen. Purp. Lub. 
F r e t t i n g ,  Gal l ing,  Seizing 
C a m s ,  Gears, S l ide  Surf. 
Rol l ing Surf. 
Release Agent o r  Metal Work 

L 
L 
X 
X 
X 
X 
X 
X 

X 
X 

;enera1 l u b e  s i m -  
ilar t o  PT-14 ,buth igh  
is f o r  wider  
remperature r a n g e  
md h i g h e r  l o a d s .  

X X 
X X - 

Genera l  lube  f o r  General  l u b e  s i m  

and l i g h t  l o a d s .  b u t  w i l l  a i r  d r y  
Low f r i c t i o n  and and is f o r  lower 
good w e a r - l i f e .  t empera ture .  

t empera ture  i l a r  t o  PT-24, 

I I I 

1 E - E x c e l l e n t  
V.G.  - Very Good 

M - Medium 
P - Poor 
L - Limited o r  Low 
- - NO Data o r  Not 

Appl icable  
X - S a t i s f a c t o r y  

G - Good 

1 

- 
rubbing  o r  r o l l w  
s u r f a c e s ,  f o r  
most c o n d i t i o n s .  
N o t  f o r  h igh  s~ 
and high l o a d s .  
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PROPERTIES 

SPECIFICATION 
COMPOSITION: Lubricant  

Binder  / C a r r i e r  

APPLICATION: Brush 
D i p  o r  Tumble 
Spray 

CURE CYCLE: A i r  Dry 
Heat 
Temp /Time 

COMPATIBILITY : LOX 
Oxygen (gas) 
Rocket Fuel  
J e t  Fuel  
Hydrocarbon 
So lven t s  

RADIATION PROPERTIES 

OUTGASSING PROPERTIES 

USABLE TEMP. A i r :  (high) 
(low) 

Vacuum: (high) 
(IO,.?) 

LOAI, CAPACITY: Force 

Tes t  Method 

WEAR-LIFE: Load 
Tes t  Method 
Time 
Tes t  Cond. 

FRICTION COEF.; STATIC, A i r  

DYNAMIC, A i r  
Vacuum 

Vacuum 
ELECT. CONDUCTIVITY 

CORROSION RESISTANCE 

VACUUM WT. LOSS, N/m2 
mg/cm2 
Vacuum 
Time 

USES: Rubber & P l a s t i c s  
ON Wood, Leather ,  F i b e r s  

Glass & Ceramics 
Metals 

TYPICAL USES: Gen. Purp. Lub. 
F r e t t i n g ,  Ga l l ing ,  Se iz ing  
Cams,  Gears, S l i d e  Sur f .  
Ro l l ing  Sur f .  
Release Agent o r  Metal Work 

NOTES : 
E - E x c e l l e n t  

V.G. - Very Good 

M - Medium 
P - Poor 
L - L i m i t e d  or LOW 
- - No Data o r  Not 

A p p l i c a b l e  
X - S a t i s f a c t o r y  

G - Good 

PRODUCT TECHNIOUES, INCORPORATED 

I 

IL-M-7866 
IoS2 and 
.ir Dry Resin 

B a t c h  T e s t  
Ba tch  T e s t  - 

L 
X 

G 
- 

99OC (750°F) 
73OC (-100°F) 

G 

G 

G 

L 

L 

1.33 x lo-’ N/m2 
T o r r )  

X 

X 
X 

Chemica l ly  i n e r t  
n o n c o r r o s i v e ,  non 
inf lammable,  non 
c o n d u c t i v e  and 
n o n t o x i c .  Gene ra  
l u b e a n d a n t i s e i n  
May be u s e d  at 
t e m p e r a t u r e  -184‘ 
(-300°P) and 538”l 
(lOOO°F) for 

X 
r Dry, 30 Min., 
OC (180°F),  2 
. & 149°C 
OOOF) ,  2 H r .  

X 
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SANDSTROM PRODUCTS COMPANY 

PRODUCT NAME 

SANDSTROM 9A SANDSTROM 26A 
PROPERTIES 

USABLE TEMP. A i r :  (high) 
( I .aJ)  

Vacuum: (high) 
( low)  

LOAD CAPACITY: Force 

Test Method 

WEAR-LIFE: Load 
Test  Method 
Time 

SPECIFICATION MIL-L-46010A (MIL-L-46147(MR)* 
CCMPOSITION: Lubricant IMoS?, PbOd and IMoSs-inhibited 

260°C (50O'F) 
-196OC (-320OF) 

12,232 N (2,750 
Ib . )  

Falex 
4,448 N (1,000 lb.) 

Falex  
> 500 Min. 

- 
Epoxy Resin 

Test Cond. 
FRICTION COEF.; STATIC, A i r  

DYNAMIC, A i r  
Vacuum 

Vacuum 
ELECT. CONDUCTIVITY 

CORROSION RESISTANCE 

X 
X 

5.79 m (19 f t / s e c ) 5 . 7 9 m  (19 f t / s e c j  
L L 
L 
L L 
L 

E V.G. 

X, Aerosol 
A i r D r y , 1 6 H r . ,  01 

VACUUM WT. LOSS, N/m2 
mg/cm2 
Vacuum 
Time 

TempITime 

Rocket Fuel 
J e t  Fuel 

1 .33~10-4  N/m2 
Torr) 

OUTGASSING PROPERTIES 

USES: Rubber & P l a s t i c s  
ON Wood, Leather, Fibers 

Glass & Ceramics 
Metals 

TYPICAL USES: Gen. Purp. Lub. 
Fre t t ing ,  Galling, Seizing 
Cams,  Gears, Sl ide  Surf. 
Rolling Surf. 
Release Agent o r  Metal Work 

NOTES : 
E - Excel len t  

V.G. - Very Good 
G - Good 
M - Medium 
P - Poor 
L - Limited or Low - - No Data o r  Not 

Applicable  
X - S a t i s f a c t o r y  

1 I - 

- X 
X 

X X 
X 
X 
X 
X 
X - 

Prevents  cor ros io  
g a l l i n g ,  s e i z i n g  
and f r e t t i n g .  
Chemical r e s i s t a r  
and long wear-lif 
Contains  no 
g r a p h i t e .  

149°C (300°F) 
-196°C (-320'F) 

11,120N (2,500 l b  

Fa lex  

4,448N (1 ,000lb .  
Falex 

> 170 Min. 

" 

I I 

AIV-43 

X 
X 
X 
X 
L 

*Formerly RIAPD- 
703. Easy t o  ap- 
p l y  a i r  d r y  film. 
P r o p e r t i e s  a r e  
similar t o  9A, 
b u t  lower limits 
For u s e  where heal 
cure  c y c l e  for 
9A is n o t  allow- 
a b l e .  No g r a p h i t e  

I n h i b i t o r  Modf- 

(480OF) 1.0 H r .  

399'6 (75OOF) 

- 
13,34ON(3,000lh) 

Fa lex  

5,448N (1,000 l b . )  
Falex 

> 200 Min. 
i .79m (19 f t l s e c )  

Very Low 

Very Low - 

G 

- 
- 

X I 
X 
X 
X 
X - 

kBased on AFSL-41 
p r o p e r t i e s  s i m i -  
lar t o  9A and 26A 
but f o r  h i g h e r  
temperature t o  
538'C (lOOO°F) 
€or s h o r t  periods. 
h n t a i n s  no 
: raphi te .  
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AV - LABORATORY EVALUATIONS 

- SOLID LUBRICATED GEXKS 

- COMPOSITE MATERIALS 
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The data presented i n  th i s  section were collected from tests 

A l l  materials were applied i n  accordance with the 
conducted on 22 solid lubricant films. A l l  t e s t s  w e r e  conducted at  Midwest 
Research Ins t i tu te .  
manufacturer's direction, except t ha t  pretreatment of a l l  m e t a l  substrates 
was  by dry honing with 220 mesh Al2O3. 
the lubricants. 
cant films. 

There has been no a t tempt  t o  rate 
Data presented provides a basis fo r  comparing sol id  lubri-  

Falex load carrying and wear-life t e s t  data a re  presented i n  
Tables 1 and 2. 
presented i n  Table 3. 
are included as Table 4. 
f r i c t ion  values for the films a t  -73OC (-100"F), 27OC (80°F), and 204OC 
(400OF). 
equipment. 

Lightly loaded three-pellet wear-life t e s t  data are 
Electr ical  conductivity and vacuum weight loss data 

Table 5 presents data on the s t a t i c  and dynamic 

A l l  of the films were a l so  evaluated on journal bearing test 
Data for  the journal bearing t e s t s  are  presented i n  Table 6 .  

Tables 7, 8, 9,  10, and 11 and Figures 1, 2, and 3 contain test 
data obtained on sol id  film lubricated gears. 
8, and 9 and Figures 1, 2 ,  and 3 a re  from laboratory t e s t s  whereas data 
shown i n  Tables 10 and 11 are  from actual hardware tests conducted a t  the 
NASA Marshall Space Flight Center. 

Data presented i n  Tables 7, 

A large number of p las t ics ,  reinforced p las t ics  and m e t a l  com- 
posites a re  available and used frequently i n  space applications. 
the aforementioned materials are  used as bearing or bearing components 
(separators, etc.). Tables 12, 13, and 14 contain a minimal amount of 
manufacturer supplied data on some of the most frequently used plast ics ,  
reinforced p las t ics  and composite materials. 
tained on the materials by contacting the manufacturers. 

Many of 

More information can be ob- 

Laboratory t e s t  equipment used i n  evaluating the sol id  lubricants 
are described i n  Appendix A. 
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TABLE 1 

FALEX TESTS LOAD-CARRYING ABILITY 

T e s t  Method: 
T e s t  Condition: 
T e s t  Load : 

Solid Film 

DAG 253 
Drilube No. 1 
Drilube 805 

T e s t  Method Standard No. 791a, Method 3812 
Ambient Temperature, AIS1 4130 V-Block and Pin, % 40-45 
Load Increased i n  1,112 N (250 lb.) Increments a t  1.0 

Min. Intervals  Unti l  Failure* 

Average** 
Time to 

Average* Maximum Failure  AverageJd Maximum 
Load - N (lb.) Torque - N m. (in-lb) (min.) 

1.78 x lo4 (4,000) 1.90 (16.8) 16 
2.00 x lo4 (4,500) 1.16 (10.3) 23 
0.667 x lo4 (1,500) 3.39 (30.0) 8 

Electrofilm 2306 
Electrofilm 5396 

Everlube 620 
Everlube 811 
Fel-Pro C-200 
Fel-Pro C-300 

1.00 x lo4 (2,250) 
1.89 x lo4 (4,250) 

1.89 x lo4 (4,250) 
1.89 x lo4 (4,250) 
2.00 x lo4 (4,500) 
2.00 x lo4 (4,500) 

\(VAG KOTE 18.07) 2.00 x lo4 (4,500) 
MLF -5 1.67 x lo4 (3,750) 
MLF-9 2.00 x lo4 (4,500) 
Molykote X-15 1.22 x lo4 (2,750) 
Molykote X-106 2,OO x lo4 (2,500) 
Molykote 321 1.11 x lo4 (2,500) 
NPI-14 1.78 x lo4 (4,000) 
Vitro lub e 2.00 x lo4 (4,500 
Polylube No. 500 2.00 x lo4 (4,500) 
RIA No. 9 1.11 x lo4 (2,500) 
Surfkote M-1284 1.67 x lo4 (3,750) 
Surfkote A-1625 0.890 x lo4 (2,000) 

Lub r i b  ond "A" LOO 104 (2,250) 

MLR-2 (NPI 425) 

1.16 (10.3) 
2.77 (24.5) 
2.26 (20.0) 
2.26 (20.0) 
2.88 (25.5) 
1.85 (16.4) 
2.15 (19.0) 

1.05 (9.3) 
3.05 (27.0) 
2.63 (23.3) 
2.63 (23.7) 
1.42 (12.6) 
2.00 (17.7) 
2.91 (25.8) 
3.39 (30.0) 
1.86 (16.5) 
2.75 (24.3) 
2.11 (18.7) 
2.63 (23,3) 

11 
2 1  
12 
20 
18 
23 
22 

92 
18 
23 
13 
25 
12 
19 

372 
22 
13 
18 
11 

Notes: * Failure  i s  indicated by inab i l i t y  of f i lm t o  maintain load fo r  
1.0 min., breaking of shear pin or  sharp rise i n  torque of 
more than 0.791 N m .  (7.0 in-lb). 

* .Average of 3 tes t  runs. 
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Tes t M e  tho1 
T e s t  Condition: 
T e s t  Load : 

Solid Film 

Feders 

TABLE 2 

FALEX TESTS-WEAR-LIFE 

T e s t  Method Standard No, I, Metho 3 
Ambient Temperature, AIS1  4130 V-Block and Pin 
Load Increased i n  1,112 N (250 lb.) Increments a t  1.0 Min. 

Up t o  4,448 N (1,000 lb.) Load Maintained Un t i l  Failure* 

40-45 

DAG 253 
Drilube No. 1 
Drilube 805 
Elecfrof i lm 2306 
Elec t r o f  i l m  5396 
Lubribond "A" 
Everlube 620 
Everlube 811 
Fel-Pro C-200 
Fel-Pro C-300 
MLR-2 (NPI 425) (VAC KOTE 18.07) 
M'LF-5 
MLF-9 
Molyko te X- 15 
Molykote X-106 
Molykote 321 
NPI- 14 
Vitrolube 
Polylube No. 500 
RIA No. 9 
Surfkote M-1284 
Surfkote A-1625 

Average* 
Torque - N m. 

( in-lb) 

0.994 (8.8) 
0.599 (5.3) 
1.74 (15.4) 
1.57 (13.9) 
0.926 (8.2) 
0.542 (4.8) 
0.881 (7.8) 
0.825 (7.3) 
0.395 (3.5) 
0.610 (5.4) 
0.316 (2.8) 
0.972 (8.6) 
0.542 (4.8) 
1.15 (10.2) 
0.802 (7.1) 
0.452 (4.0) 
0.904 (8.0) 
0.599 (5.3) 
0.723 (6.4) 
0.599 (5.3) 
0.566 (5.0) 
0.757 (6.7) 

Average** 
Wear-Li f e 

(min . ) 
99 

335 
12 
10 

169 
66 
93 
67 

564 
424 
502 

86 
57 
27 

242 
115 
71 

727 
247 
305 
246 

23 

Notes: * F a i l u r e  i s  ind ica ted  by a torque r ise of 0.566 N m. (5.0 in-lb).  
above the  steady state value,  or breakage of shear  pin. 

?& Average of 6 tes t  runso 
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TABLE 3 

PELLET WEAR-LIFE TESTS 

T e s t  Method : 

T e s t  Condition: 

Wear-Life: 

Solid Film 

DAG 253 
Drilube No. 1 
Drilube 805 
Electrofilm 2306 
Electrofilm 5396 
Lubr i b  ond "A" 
Everlube 620 
Everlube 811 
Fel-Pro C-200 
Fel-Pro C-300 

Pellet  Wear-Plate Equipment, P e l l e t ,  4404  Sta in l e s s ,  R, 

Load, 93,079 N/m2 (13.5 ps i ) ;  Speed, 3.88 m/sec (765 fpm); 

High-Friction Shut-off Switch Se t  f o r  Maximum F r i c t i o n  
CoefPicient - 0.30. 

15-20; Wear-Plate, 440-C Sta in l e s s ,  55-59 

Ambient Temperature; Nitrogen Atmosphere 

Mean Average Log Mean Average 
Wear-Life Wear - L i  f e 

(hr. ) (hr.) 

4.1 
5.5 
4.2 

26.1 
2.7 
3.4 
4.7 

1.7 
3.1 

9.5 

MLR-2 (NPI 425)  (VAC KOTE 18.07) 83.8 
MLF-5 31.2 
MLF-9 34.2 
Molykote X-15 11.3 
Molykote X -  106 5.1 
Molykote 321  6.9 
NPI- 14 7 .1  
Vit ro  lube 8.0 
Polylube No. 500 6.7 
RIA No. 9 1.8 
Surfkote M-1284 6.3 
Surfkote A-1625 2.5 

3.80 
3.24 
1.92 

20.64 
1.8 
2.82 
4.32 
8.54 
1.26 
2.39 

66.4 
28.3 
32.34 

7.40 
3.65 
4.70 - 

3.64 
3.8 
4.64 
1.77 
4.68 
2.91 

Notes: *Average of 20 tes t  runs. 
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TABLE 4 

ELECTRICAL CONDUCTIVITY AM) VACUUM WEIGHT LOSS 

Electrical  
Resistance 

Ohms 
0.0254 Meter Gap 

So l id  Film (1.0 in.) 

DAG 253 5,000 
Dri lube  No. 1 500,000 
Dr i lube  805 200,000 
E l e c t r o f i l m  2306 10 , 000 
E l e c t r o f i l m  5396 25,000 
Lubr i b  ond "A" 3,000,000 
Everlube 620 44,000 
Everlube 811 7,000 
Fel-Pro C-200 12,200 
Fel-Pro C-300 1,835 
MLR-2 (NPI 425) (VAG KOTE 18.07) 1O,OOO,OOO 
MLF -5 2,500 
MLF-9 6,000 
Molykote X-15 875 
Molykote X -  106 640 
Molykote 321 560 
NPI- 14 16,300 
Vit ro lube  & 

Polylube No. 500 745 
R I A  No. 9 10,000,000 
Surfkote  M-1284 400,000 
Surfkote  A-1625 85 , 000 

Vacuum 
Weight 
Loss** 

Kg/m2 x 10-1 
(mg / cm2 

0.0775 
0.186 
0.062 
0.171 
0.000 
0,155 
0.1395 
0.062 
0.031 
0.0155 
0.0775 
0.0465 
0.340 

0.124 
0,186 
0.233 

0.0775 
0.155 
0,233 
0.0775 

0 e 1085 

4: 

Notes: * No samples obtained.  
** Vacuum environment, 1.3332 x lom4 N/m2 t o r r )  a t  room 

temperature  f o r  528 hr. 
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VACUUM FRICTION AND WEAR-LIFE 

T e s t  Method : 

Tes t Condit ion : 
Environment : 

Sol id  Film 

DAG 253 

Dri lube No. 1 

Dri lube 805 

E lec t ro f i lm  2306 

E lec t ro f i lm  5396 

Lubribond "A" 

Everlube 620 

Everlube 811 

Pellet-Wear P l a t e  Equipment; P e l l e t ,  440-C S t a i n l e s s  R, 

Load, 15,170 N/m2 (2.2 p s i ) ;  Speed, 3.88 m / s e c  (765 fpm) 
(1) Vacuum, 1.33332 x N/m2 t o r r ,  Nitrogen 
(2) Ambient, A i r  
(3) 204°C (+400 OF), Nitrogen 

15-20; Wear-Plate, 440-C S t a i n l e s s  R, 55-59 

-73°C (-100°F) (1) 
Ambient (2) 

204°C (+400"F) (3) 

-73°C (-100OF) (1) 
Ambient (2) 

204°C (+400"F) (3) 

-73°C (-100OF) (1) 
Ambient (2) 

204°C (-4400°F) (3) 

-73°C (-100°F) (1) 
Ambient (2) 

204°C (+400"F) (3) 

-73°C (-100°F) (1) 
Amb ien t (2) 

204°C (+400"F) (3) 

-73°C (-100°F) (1) 
Ambient (2) 

204°C (+400"F) (3) 

-73°C (-IOOOF) (1) 
Ambient (2) 

204°C (+400°F) (3) 

-73°C (-10O0F) (1) 
Ambient (2) 

204°C (+400"F) (3) 

F r i c t i o n  Coef f i c i en t  Wear-Life 
Stat ic  

(average) * 
0.30 
0.14 
0.30 

0.18 
0.25 
0.30 

0.32 
0.20 
0.20 

0.35 
0.39 
0.12 

0.29 
0.33 
0.14 

0.32 
0.33 
0.33 

0.30 
0.30 
0.13 

0.18 
0.27 
0.25 

Dynamic Minutes 
(average)* (average)* 

0.20 
0.14 
0.18 

0.15 
0.23 
0.20 

0.28 
0.19 
0.07 

0.20 
0.14 
0.07 

0.18 
0.23 
0.17 

0.15 
0.18 
0.10 

0.19 
0.20 
0.15 

0.28 
0.15 
0.12 

145 
69 

136 

435 
48 

2,065 

60 
78 

618 

45 
83 
65 

54 
58 
70 

33 
60 

113 

16 
123 
130 

1 
60 
58 
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Sol id  Film 

TABLE 5 (Continued) 

' F r i c t i o n  C o e f f i c i e n t  Wear-Life 

Fel-Pro C-200 -73°C (-100°F) (1) 
Ambient ( 2 )  

204°C (+400 O F )  

Fel-Pro C-300 -73°C (-100°F) (1) 
Ambient ( 2 )  

204OC (+400"F) ( 3 )  

MLR-2 (NPI 425) -73°C (-100°F) (1) 
(VAC KOTE 18.07) Ambient ( 2 )  

204°C (+400"F) ( 3 )  

MLF-5 

MLF-9 

Molykote X-15 

Molykote X-106 

Molykote 321 

NPI- 14 

Vit ro lube  

-73°C (-100°F) (I) 
Ambient ( 2 )  

204°C (+400"F) ( 3 )  

-73°C (-100°F) (1) 
Ambient ( 2 )  

204°C (+400 O F )  

-73°C (-100°F) (1) 
Amb i e n  t ( 2  ) 

204°C (+400"F) ( 3 )  

-73°C (-100°F) (1) 
Ambient ( 2 )  

204°C ( f400"F) ( 3 )  

-73°C (-100°F) (1) 
Amb i c n t  { 2 )  

204°C (+400°F) ( 3 )  

-73°C (-lOO°F) ( 1 )  
Ambient ( 2 )  

204°C (-!-400"F) ( 3 )  

-73°C (-100°F) (1) 
Ambicne (2) 

204°C (+400"F) ( 3 )  

S t a t i c  
(averape) 2y 

0.25 
0.29 
0.24 

0.24 
0.59 
0.27 

0.35 
0.23 
0.23 

0.25 
0.29 
0.14 

0.23 
0.30 
0.21 

0.30 
0-30 
0.17 

0.25 
0.29 
0.23 

0.24 
0.33 
0.22 

0.28 
0.27 
0.23 

0.30 
0.20 
0.09 

Dynamic 
(average) Jr 

0.23 
0-19  
0.15 

0.18 
0.20 
0.22 

0.30 
0.18 
0.05 

0.28 
0.15 
0.10 

0.18 
0.20 
0.15 

0.21 
0.12 
0.09 

0.23 
0.18 
0.16 

0.20 
0.18 
0.13 

0.20 
0.23 
0.09 

0.28 
0.20 
0.15 

Minutes 
(average) * 

95 
6 9  
72  

217 
80 
25 

90 
75 

5 , 1 7 8  

13 7 
6 9  

480 

744 
768 

1,056 

10 9 
91 

7 29 

50 
59 
57 

3 
80 
60 

44 
92 
75 

38 
60 
42 
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TABLE 5 (Concluded) 

Solid Film 

Polylube No. 500 -73°C (-100°F) (1) 
Ambient (2) 

204°C (+400"F) (3) 

RIA No. 9 -73°C (-100'F) (1) 

Ambient (2) 
204°C (-I-40OoF) (3) 

Surfkote M-1284 -73°C (-100°F) (1) 
Ambient (2) 

204°C (+400"F) (3) 

Surfkote A-1625 -73°C (-100°F) (1) 
Ambient (2) 

204°C (+400"F) (3) 

Fr ic t ion  Coef f i c ien t  Wear-Life 
S t a t i c  Dynamic Minutes 

(average) * (average) * (average) * 
0.33 0.18 36 . 
0.30 0.22 64 
0.20 0.05 51 

0.35 Would not  No time 
s tart  

0.35 0.13 78 
0.15 0.08 48 

0.25 0.25 90 
0.20 0.14 60 
0.15 0.18 120 

0.29 0.23 26 
0.35 0.18 75 
0.30 0.10 65 

Notes: * Average of 3 tests. 
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TABLE 7 

DRY LUBRICANT WEAIt-LIFE--INSTRUMENT-TYPE SPUR GEARS 

Condit ions : Gears: 
Load: 
Speed: 1800 rpm 20 degrees  p re s su re  angle ,  
Temperature: ambient (no heat added) 3.17 x m. (1/8 in.) face 
Atmosphere: d ry  n i t r o g e n  303 stainless steel 

1.4 x 10- l  N m. (20 in-oz) 48 p i t c h ,  55 and 56 teeth 

AWA class 12 

Lub r i can t - t o - Log Mean Average 
Lubricant  Binder Binder Rat io  L i f e  (hr.) 

-- 679.4 20 w mine ra l  o i l  -- 
MLF-5 sodium s i l i ca t e  36.1 
MLF-9 A l .  phosphate 42.7 
MLR- 1 PI-1101 112.7 
MLR-1-A* PI-1101 1.0/0.27 118.0 
MLR-1-l* PI-1101 l . O / O .  18 64.0 
MLR-1-2* PI- 1101 1.0/0.36 71.0 
MLR-1-L* PI-110 1 1.0/0.27 70.0 

MLR- 1 - A ~ I  PI-1101 1.0/0.27 67.3 
MLR-2 (NPI 425) 

(VAC KOTE 18.07) PI-4701 36.1 
MLR- 2- 5 PI-4701 39.4 
MLR-24 PI-4701 23.0 
MLR-15-7 * skybond 704 1.0/0.41 72 .O 

MLR- 15- 9 * skybond 704 1. O/O. 63 72.0 
MLR-20 17.6 
MLR- 2 1 31.4 
MLR-30 17.95 
FEL-PRO 6-200 (commercial, p r o p r i e t a r y )  22.8 
FEL-PRO C- 200 /MLR- 1-A 15.0 
VAC-KOTE 1.6 

0.2 
Spu t t e red  MoS2 6.1 

* 

MLR-1-Ad PI- 1101 1 .O/O. 27 4.4 

MLR-15-8* skybond 704 l . O / O .  26 109.0 

Gold p l a t i n g  (over e l e c t r o l y t i c  n i c k e l )  

MoS2 p a r t i c l e  s i z e  f o r  s tandard  MLR- and MLF- f i lms  is  4.5 x m. 
(44 p) o r  less (microsize) .  P a r t i c l e  s i z e  f o r  a l l  tests marked w i t h  * 
i s  4.5 t o  7.7 x 10-5 m, (44 t o  77 111, v p e  Z. 

- a/ These tests used 1.6 x 
- b /  These tests used 1.6 x 10-3 m. (1/16 in.) face gears and were run  a t  

4.9 x N m. (7 in-oz) loading. The stress level is equ iva len t  t o  
a 3.17 x 10-3 m. (1/8 in.) f a c e  gear  of 1.4 x 10-1 N m, (20 in-oz) 
loading  . 

m. (1/16 in.) face gears. 
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TABLE 8 

DRY LUBRICANT WEAR-LIFE--LOW SPEED GEAR TESTS 

Load: 5.29 N m. (3.9 f t - l b )  Gear Data: 16 p i t c h ,  6 4  t o o t h ,  

Speed: 150 rpm a n g l e ,  s teel ,  6.35 x 10-3 m. 

Temperature:  Ambient (no h e a t  added) 

Atmosphere: Dry n i t r o g e n  

20 degree  p r e s s u r e  

( 1 / 4  in.)  

(112 i n . ) f a c e  
f a c e ,  and 1.27 x 10” m. 

Wear-Lif e Log Mean Average 
Lubr icant  (hr-1 L i f e  ( h r )  

MLR-1-e’  
MLR-1-A- a/  

MLR-1-A 
MLK- 1-A 

24.74 
29.50 27.6 

66.42 
34 .62  43.0 

MLII-20 37.68 
MLR-20 24.17 30.2 

MLR-21 
MLR-21 

MLR- 3 0 
MLR-30 

26.013 
40.07 

34.45 
63.48 

32.33 

46.76 

- a/These g e a r s  were c a s t  i r o n  w i t h  14-112 degree  p r e s s u r e  a n g l e .  They were 
a v a i l a b l e  from s t o c k  and used f o r  check-out purposes  o n l y  w h i l e  20 
degree  p r e s s u r e  a n g l e  g e a r s  were on o r d e r .  
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TABLE 9 

WEAR-LIFE OF SOLID LUBRICANT COATED WORM GEARS 

Temperature: Room ambient Atmosphere: A i r  
Speed: 1,750 rpm (worm) Worm Gear: Nickel  bronze a l l o y  
Worm: Case hardened a l l o y  steel 25 degrees  p re s su re  

17 degrees, 28 sec. 
25 degrees p re s su re  ang le  a n g l e  
17 degrees ,  28 sec. lead  ang le  

1.63 x 10-2 m. (0.643 in.) p i t c h  diameter  40 t o o t h  
4 t h reads  l ead  ang le  

5.16 x lom2 (2.032 
in.) p i t c h  diameter 

Input :  0.280 horsepower 

T e s t  - 
- 
- 

l - f d  

l-&/ 

3-& 

2-A 
2-B 

3 -B 
4-A- 
4-B-0 
5-A-0 
5-B-0- 
6-A-0 
6-B-0 
7-A-0 
7-B-0- 

b/  

b /  

Average 
Eff ic iency  

Lubricant  (2) 

20 W Oil 
140 W O i l  
600 W O i l  

MLF-5 
MLF- 5 
MLF-9 
MLF- 9 
MLR-1 
MLR-1 
MLR-1 
MLR- 1 
MLR-1 
MLR-1 

63-66 
59-62 
63-66 
50-55 
56-66 
69-72 
69-72 - 
29-72 
60-65 
60-65 
69-71 - 
54-57 

(NP1 425) 51-54 

MLR-2 75-85 (vAc 
18.07) - 

Average 
Wear-Lif e Wear-Lif e 

(Revolutions) (Revolutions) 

- - 
0.24 x l o6  
0.35 x l o 6  
1.36 x l o6  
0.92 x 106 

0.30 x l o6  

1.14 x lo6  
- 

1.81 x l o6  

1.98 x 106 

1 .34  x l o 6  
0.62 x lo6  

- 
3.56 x l o6  
1.67 x l o6  
2.94 x l o 6  

- 

1.44 x lo6 

2.72 x lo6 

- a/ A-front s i d e  of t e e t h ;  B-black s i d e  of t e e t h .  
- b/ T e s t  stopped e a r l y ,  uneven too th  con tac t .  
- c/ 0 i n d i c a t e s  o i l  run-in used. 
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TMLE 10 

ATX ROLL RING SIMULATOR (RACK & PINION);k 

P in ion  Rack 
Lubricant  Lubricant 

(A-286 s teel)  (410 SS) 

MLR-2 (NPI 425) 
(VAC KOTE 18.07) None 

Glass b orided 
MoS2 None 

Glass bonded 
M o S ~  None 

MLR- 1 None 

MLR- 1 None 

MLR- 1 None 

MLR- 1 None 

MLR- 1 

MLR- 1 

MLR- 1 

A i r  d ry ing  
bondcd 
MoS2 lube 

A i r  d ry ing  
bonded 
MoS21ubc 

A i r  d iy ing  
bondcd 
MoS2 lube 

Torque 
N m. ( f t - l b )  

1 .9  (1.4) 

1.9 (1,4) 

5.29 (3.9) 

1.9 (1.4) 

5.29 (3.9) 

5.29 (3.9) 

5 - 2 9  (3.9) 

1.9 (1.4) 

5.29 (3.9) 

9.49 (7.0) 

To ta l  Operating 
Distance m. ( f t . )  

7,462 (24,480) 

18,824 (61,760) 

18,824 (61,760) 

19 586 (64 259) 

357 (1,170) 

686 (2,250) 

4,402 (13,260) 

18,824 (61,760) 

20,820 (68 , 340) 

1,899 (6 230) 

9; Tests  made a t  10-7 t o r r .  
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TABLE 11 

A'DI CMG ACTUATOR GEAR TRAIN EVALUATION* 

Gear Gear Tota l  Op- 
Material Hardness Lub r ican t e r a t i n g  Time  

420 Series RC 32-38 MLR-2 ** In t e rmi t t en t  
steel 29 days 

420 Series RC 32-38 MLR-2** 7 Days 
s teel  

420 Series RC 32-38 MLR-2** 28 Days 
s teel 

420 Series RC 32-38 MLR- 2 "* 56 Days and 
steel  5 h r  

Ni t ra l loy  Case MLR-1 1 2  Days and 
RC 58 10 h r  

Ni t ra l loy  Case MLR-1 6 Days and 
RC 58 5 h r  

Total  Pinion 
Revolutions 

600,000 

148,000 

590,000 

1,180,000 

260,000 

130,000 

* Tests made a t  t o r r .  
** Available as NPI 425 and VAC KOTE 18.07. 
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Figure 1 - Lubricant F i l m  Wear-Life Vs. Speed 
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TABLE 12 

SELF-LUBRICATING MATERIALS - POLPMIDES 

F i l l e r  Material 

None 

15% by W t .  Graphi te  

40% by W t .  Graphi te  

15% by W t .  Graphi te  
15% by W t .  P.T.F.E. 

15% by W t .  MoS2 

30% by Vol. Shor t  
Glass Fiber  

Graphite-P.T.F.E. 

Silver-WS2 

Graphi te  

L u b r i c i t i v e  
Addit ive 

L u b r i c i t i v e  
Addit ive 

F r i c t i o n  Values 

0.04-0.09 i n  N2 
0.29 i n  A i r  

0.06-0.C8 i n  N 2  
0.12-0.24 i n  A i r  

0.09-0.30 i n  Air 

0.09-0.11 i n  A i r  

0.17-0.25 i n  A i r  
0.03 i n  Vacuum 

0.2-0.25 

0.3-0.35 

TENSILE STRENGTH 
N/m2 (PSI) a t  R. T. 

6.2 (9,000) 

5.2 x (7,600) 

4.14 x (6,000) 

8.14 x (11,800) 

3.72 x (5,400) 

4.28 x (6,200) 
Min . 

3.86 x (5,600) 
Min . 

7.99 x JO+7 (11,600) 

2.29 x (3,320) 

4.96 x (7,200) 

Uses - Designat ion 

SP-1 (Vespel) 

SP-21 

SP-22 It 

SP-211 

SP-31 'I 

SP-5 

FEURLON-(3' 

FEURLON-AW 

FEURLON-C 

MELDIN-P I 

MELDIN-PI-30X 

MELDIN-PI- 1 5 Y  

Note: A l l  in format ion  obta ined  from manufacturer ' s  l i t e r a t u r e .  

(Vespel) SP- Trade name of E. I. DuPont De Nemours fi Company 

FEURLON- 'I 'I Bemol Corporat ion 

MELDIN - 

II 

11 II 11 Dixon Corporat ion 

High Temp. Mechanical 
and E l e c t r i c a l  P a r t s  

Non-Lubricated Bearings 
and S e a l s  

Bearings and S e a l s  w i t h  
Low Thermal Expansion 

Bearings and S e a l s  w i t h  
Requir ing Low I n i t i a l  
F r i c t i o n  

S e a l s  and Bearings i n  
Vacuum o r  Dry Areas 

High Temp. Mechanical 
P a r t s  Requir ing Low 
Thermal Expansion 

For Areas Where Temp- 
e r a t u r e s  are Less Than 
149°C (300'F) 

Vacuum and I n e r t  
Environments 

Air Operat ion Over t h e  
Temp. Range of 149-399°C 
( 300°F-750"F) 

Sea ls  , Thrus t  Washers, 
Sear ing  Reta iners ,  
P i s t o n  Rings 

Same as Above 

Same as Above 
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APPENDIX A 

GLOSSARY FOR SOLID FIIM LUBRICANTS 

Binder: 
t h e  subs t ra te .  

Carrier: Liquid, so lvent  or  gas i n  which the  lubr icant  s o l i d  i s  
t o  f a c i l i t a t e  handling o r  appl ica t ion ,  bu t  does not form p a r t  of 
f i lm lube o r  a f f e c t  the adhesion properties.  

Hard vacuum: 

Material used t o  hold the pigment of a s o l i d  lubr icant  ,. 

Term used t o  denote a high vacuum < 1.3332 x 10-4 N/m2 

system t o  

suspended 
t h e  s o l i d  

( low pressure,  < 10-6 t o r r ) .  

Impact s e n s i t i v i t y :  Tendency of some materials t o  react with 
l i qu id  oxygen when subjec t  t o  mechanical inpact o r  v ibra t ion .  
i s  frequently explosive i n  nature. 

This reac t ion  

llLOX1l: Abbreviation used t o  denote l i q u i d  oxygen. - 
"LOX" Compatible: Denotes s o l i d  fi lm lubr icants  t h a t  have passed 

t h e  "ABMAtl tes t  (97.6 joule) (72 f t - l b )  impact i n  l i qu id  oxygen with no 
r eac t ion  i n  accordance with MSFC-SPEC-106. 

r e s i s t a n t  or  "LOX" insens i t ive :  Denotes s o l i d  f i lm  lub r i -  
can ts  which do not  react with and have sane re s i s t ance  t o  l i qu id  oxygen, 
bu t  have not passed o r  w i l l  no t  pass the  ABMA "LOX" Impact Tes t .  

Pigment: Solid lub r i can t  material (MoS2, graphi te ,  etc.) used i n  
a s o l i d  lubr icant  system. 

Pretreatment: Usually r e f e r s  t o  the  treatment of a subs t r a t e  o r  
t he  base material t o  improve s o l i d  f i lm adhesion o r  the corrosion protection. 

Solid lubr icant :  A s o l i d  material t h a t  provides lub r i ca t ion  between 
two r e l a t i v e l y  moving surfaces.  

Matrix lubr icant :  Two o r  more s o l i d  lubr icants  mixed together t o  
form a s o l i d  lubr icant  compound. 

- TFE: Tetrafluoroethylene. 
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- Torr: Unit of pressure adopted by the  American Vacuum Society.  
It i s  def ined i n  terms of s tandard atmosphere (1,013,250 dynes/cm2). 
i s  1/760 atmosphere, o r  1,340 dynes/cm2. 
mercury, and i n  S I  u n i t s  133.322 N/m2. 

Torr 
One t o r r  i s  approximately 1.0 mm. 

Solvent:  Liquid used t o  t h i n  s o l i d  lub r i can t  so lu t ions  o r  to 
remove s o l i d  f i lm  lub r i can t  from subs t r a t e .  
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APPENDIX B 

This spec i f i ca t ion  covers t he  requirements f o r  procurement of one 
grade of powdered molybdenum d i s u l f i d e ,  t o  be used f o r  the lub r i ca t ion  of 
surfaces when boundary conditions exist, The powder s h a l l  have a pur i ty  
(98.5% pure MoS2, minimum) and a p a r t i c l e  s i z e  (average, > 5 w. and .e 10 pm.) 
s u i t a b l e  f o r  general  l ub r i ca t ing  use. 

_I_. Uses: Intended f o r  use as a dry lub r i can t  or as a component w i th  
s u i t a b l e  Spec i f ica t ion  oils o r  greases f o r  s p e c i a l  appl ica t ions  where o ther  
lubr icants  are not s a t i s f ac to ry .  Reduces f r i c t i o n  and wear under low and 
high s l i d i n g  v e l o c i t i e s ;  used as thread a n t i - s e i z e  f o r  l i g h t l y  loaded ap- 
p l i ca t ions  where f l u i d  lubr icant  i s  objectionable;  and i s  an  e f f e c t i v e  
lubr icant  over a wide range of temperatures. 

Limitations: The unbonded lubricant: does not give corrosion 
protection. 
l ub r i ca t ion  po ten t i a l ;  i n  t h i s  form it must a l s o  provide a minimum of 500 
hr. corrosion pro tec t ion  i n  hea t  and high humidity conditions. Mixtures 
of t h i s  powder with o i l s  o r  greases should not be done i n  f i e l d  applica- 
t i ons  where performance da ta  have no t  been established. 

The material must be bonded and cured t o  develop maximum 

MIL-G-6711; Graphite, Lubrication 

This material is a 200 mesh (80 pm.) high grade, powdered graphi te  
f o r  use preferably as a dry lub r i can t ,  bu t  may be mixed with a proven spec- 
i f i c a t i o n  o i l .  

- Uses: Intended use is  p r inc ipa l ly  as a "dust-on" o r  "brush-on" 
dry powder lubr icant  f o r  s l i d i n g  surfaces (Le., t racks ,  s l i d e s ,  grooves). 
It may be used over a wide temperature range. 

: This material i s  a l a rge  p a r t i c l e  s i z e  powder and 
is  not  recommended f o r  blending with o i l s  or greases,  p a r t i c u l a r l y  i n  
a i r c r a f t  o r  aerospace applications.  MIL-M-7866B molybdenum d i s u l f i d e  
should be used i n  preference t o  t h i s  material, i f  possible. 
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This spec i f i ca t ion  e s t ab l i shes  the  requirements f o r  a s o l i d  f i lm  
lubr icant  i n t e  i zu re  of metals, 

Condensed spec i f i ca t ion  requirements: 

Material: Finely powdered lub r i ca t ing  s o l  s dispersed i n  
s u i t a b l e  binders are capable of being cured wi th in  60 min. a t  149°C (300°F). 

i 

: The bonded f i lm lub r i can t  
s h a l l  appear atches,  pinholes, b l i s t e r s ,  
bubbles, runs,  sags, fore ign  matter, g r i t ,  rough p a r t i c l e s ,  separa t ion  of 
ingredien ts ,  o r  other imperfections. 

Film adhesion: The bonded s o l i d  f i lm lubr icant  s h a l l  no t  
be l i f t e d  from the  test panel by the pressure-sensit ive masking t a p e  method. 
A uniform depos i t  of powdery material may c l i n g  t o  the  t a p e ,  but l i f t i n g  
of any f lakes  o r  p a r t i c l e s  which expose any bare m e t a l  s h a l l  i nd ica t e  un- 
s a t i s f a c t o r y  adhesion, 

Thermal s t a b i l i t y :  The bonded s o l i d  fi lm lubr icant  s h a l l  
no t  f lake ,  crack nor sof ten ,  and s h a l l  have s a t i s f a c t o r y  adhesion when 
t e s t ed  f o r  3 hr.  a t  -54°C (-65°F) and 260°C (+5OO0F). 

Fluid r e s i s t ance :  The bonded s o l i d  f i lm lubr icant  s h a l l  not 
sof ten ,  l i f t ,  b l i s t e r ,  crack o r  peel,  and s h a l l  have s a t i s f a c t o r y  adhesion 
when h a l f  immersed f o r  24 hr. a t  room temperature i n  each of t he  following 
f l u i d s :  standard hydrocarbon test  f l u i d ,  av ia t ion  gasoline, j e t  f u e l ,  
hydraulic f l u i d s  (petroleum and nonpetroleum base),  a i r c r a f t  l ub r i ca t ing  
o i l s  (petroleum and synthe t ic  base),  s i l i c o n e  f l u i d ,  and trichloroethylene.  

Endurance l i f e :  The bonded s o l i d  f i lm lubr icant  when t e s t ed  
i n  the  Falex Lubricant Tester s h a l l  have an average l i f e  of not less than 
120 min. a t  4,448 N (1,000 lb.) gage load. The minimum l i f e  of any s ing le  
run s h a l l  not be less than 100 min. 

: The bonded s o l i d  fi lm lubr icant  
when t e s t ed  i n  
capacity of 11,120 N (2,500 lb , )  gage load, 

ter s h a l l  have a minimum load carrying 

: The bonded s o l i d  f i lm lubr icant  on 
or  cause no d isco lora t ion ,  p i t t i n g ,  

formation o evidence of corrosion a f t e r  500 h r ,  
a t  49°C (120°F) and 95% humidity. 
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- Uses: This so l id  f i lm lubricant i s  intended fo r  use on steel, 
titanium, aluminum, aluminum al loys and other metals. Useful where other  
lubricants are d i f f i c u l t  t o  apply or  where they may be contaminated by d i r t  
and dust. 
bearings, f l ap  t racks,  hinges and cams. 

Limitations: This so l id  film lubricant should not be used with 

Suitable for  s l i d ing  motion surfaces,  such as p la in  spherical  

o i l  or  grease unless experience indicates  otherwise. Because of the 149°C 
(300'F) cure temperature, it should not be used on materials which are 
adversely affected by exposure t o  t h i s  temperature. It should not be used 
where there  i s  poten t ia l  contact with l iquid oxygen. Storage o r  s h e l f - l i f e  
is  limited and should not be used beyond 6 months from date  of manufacture. 

MIL-L-23398B; Lubricant, Solid Film, A i r  Drying 

This specif icat ion establ ishes  the requirements f o r  an air-drying 
so l id  film lubricant intended t o  reduce w e a r  and prevent seizing and ga l l ing  
(NATO Code 5-749). 

Condensed spec i f ica t ion  requirements: 

Material: Finely powdered lubricat ing so l ids  i n  su i tab le  
binder, which are i n  a spraying consistency. 
a t  room temperature, 25°C (77°F) i n  not more than 6.0 hr. Additives i f  
necessary t o  m e e t  specif icat ion requirements. 

The applied f i lm s h a l l  cure 

Film condition: The bonded so l id  f i lm lubricant  s h a l l  appear 
uniform i n  color ,  smooth, f ree  from cracks, scratches,  b l i s t e r s ,  foreign 
matter, g r i t ,  rough particles,  bubbles, pinholes, runs, sags, or  other sur- 
face imperfections, and s h a l l  show no evidence of separation of ingredient. 

Film adhesion: The bonded so l id  f i lm lubricant s h a l l  not 
be l i f t e d  from the test  panel by the  pressure-sensit ive masking tape method. 
A uniform deposit  of powdery material may c l ing  t o  the tape, bu 
of any f lakes  o r  pa r t i c l e s  which expose any bare metal s h a l l  f 
sa t i s f ac to ry  adhesion. 

Thennal s t a b i l i t y :  The bonded so l id  fi lm lubricant  s h a l l  
not f lake,  crack o r  sof ten,  and s h a l l  have sa t i s fac tory  adhesion when tes ted 
fo r  3 hr.  a t  -54°C (-65°F) and 26OOC (+500°F). 

Fluid resis tance:  The bonded so l id  f i lm shall not f lake,  
crack o r  peel,  and s h a l l  have sa t i s fac tory  adhesion a f t e r  immersion f o r  
24 hr. a t  room temperature i n  each of the  following f luids:  
drocarbon test  f lu id ,  aviat ion gasoline, j e t  fue l ,  hydraulic f l u i d  (pe- 
troleum base), lubricat ing o i l s  (petroleum and synthet ic  base) and ant i - ic ing/  
deicing/defrosting f lu id ,  hydraulic f lu ids  (nonpetroleum base), s i l i cone  

standard hy- 
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f l u i d  (Dow-Corning - 550 o r  equiva len t ) ,  t r ich loroe thylene ,  and lub r i ca t ing  
o i l  i n t e r n a l  combustion (heavy duty). 

ed 
i n  the  Fale 
60 min. a t  4,448 N (1,000 lb.)  gage, 
than 50 min. using manganese phosphatized specimens. 
specimens the  average l i f e  s h a l l  not be less than 120 min. and none less 
than 90 min. 

Using 'zinc phosphate 

Load capacity:  The bonded s o l i d  f i lm lubr icant ,  t e s t e d  i n  
t h e  Falex Lubricant Tester, s h a l l  have a minimum load capacity of 11,120 N 
(2,500 lb.)  gage. 

Corrosion protection: The bonded s o l i d  fi lm lubr icant  on 
anodized aluminum panels and s t e e l  panels s h a l l  show o r  cause no discolora- 
t i o n ,  p i t t i n g ,  formation of white depos i t s ,  o r  other evidence of corrosion 
when subjected t o  high humidity conditions. 

Storage s t a b i l i t y :  This s o l i d  fi lm so lu t ion  s h a l l  remain i n  
a homogeneous blend showing no evidence of ge l a t ion  a f t e r  s torage  i n  a 
closed container f o r  1 2  months a t  room temperature, 25°C (77°F). After 
storage,  the  bonded s o l i d  fi lm lub r i can t  must conform t o  the  o ther  require- 
ments of t h i s  spec i f ica t ion .  

- Uses: 
on steel ,  t i tanium, aluminum and aluminum a l loys .  It i s  use fu l  where con- 
ventional f l u i d  lubr icants  are d i f f i c u l t  t o  apply or  may be contaminated 
wi th  d i r t  and dust.  Generally s u i t a b l e  f o r  s l i d i n g  motion sur faces ,  such 
as p la in  spher ica l  bearings,  t racks ,  hinges, cams, e t c .  Recomnended f o r  
appl ica t ions  where s o l i d  fi lm lubr icants  t h a t  requi re  elevated temperature 
cures cannot be applied because of material or  other reasons, bu t  may be 
hea t  cured a t  temperatures up t o  121°C (250°F)- 

This air-drying s o l i d  f i lm lubr icant  i s  intended f o r  use 

Limitations: This s o l i d  f i lm lubr icant  should not be used with , 

experience ind ica tes  otherwise. Application should 
be conducted i n  a we l l  ven t i l a t ed  a rea  where no flame or  i gn i t i on  sources 
are present. 
as lower wear - l i fe  and load carrying a b i l i t y .  Not fo r  use on r o l l e r  
be Should not be s tored  a t  temperatures above 49°C (120°F). 

This material i s  not a s u b s t i t u t e  f o r  MIL-L-8937 lubr icants ,  
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MIL-L-25504 (USAF); Lubricant, Solid Film, Heat Cured 

Superseded by MIL-L-8937 (ASG). 

MIL-L-46010A (MR) : Lubricant, Solid Film, Heat Cured, Corrosion Inhibiting 

This specification covers a resin-bonded, heat-cured, solid film 
lubricant intended to reduce wear, prevent galling and seizure, and provide 
corrosion protection to metals. This lubricant does not contain graphite 
or powdered metals. 

Condensed specification requirements: 

Materials: The lubricant shall consist of a dispersion of 
lubricative pigment or pigments in a thermosetting resin with or without 
additives. 

Film thickness: The lubricant shall be capable of being 
applied by brush, dip or spray methods and cured to a film thickness of 
0.508 x lom5 and 1.27 x m.(0.0002 and 0.0005 in.). All film measure- 
ments must be within these limits. 

Wear-life: The cured lubricant film shall provide an average 
minimum Falex wear-life of 450 min. at 4,448 N (1,000 lb.) gage load. No 
single test shall have less than a 390-min. wear-life. Aminhum of four 
tests is required. 

Load carrying capacity: The cured lubricant film shall pro- 
vide an average minimum Falex load carrying capacity of 8,896 N (2,000 lb.) 
gage. 
(1,750 lb.) gage. A minimum of two tests is required. 

No single test shall have a load capacity of less than 7,784 N 

Corrosion protection: The cured lubricant film when applied 
to 0.0762 x 0,1524 m. (3 x 6 in.) steel sheet (SAE 1009) test panels shall 
shm a maximum of three rust dots per panel after a salt spray exposure of 
100 hr, 

Film adhesion: The cured lubricant film shall not be lifted 
from the test panel by the pressure-sensitive masking tape method. 
deposit of powdery material may cling to the tape, but lifting of any flake 
or particles which expose any bare metal shall indicate unsatisfactory 
adhesion. 

A uniform 

Fluid resistance: The cured lubricant film shall pass the 
film adhesion test after half immersion for 24 hr. at'23OC (74°F) in each 
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of the following f lu ids :  standard hydrocarbo 
j e t  fue l ,  hydraulic f lu ids  etroleum and non 
lubricat ing o i l s  (petroleum and 
chloroethylene. 

r i c a  
f i lm s h a l l  pass 260 " 
(500°F) for  3 hr.,  and low temperature cycle of 24 hr. placed on a cake of 
dry ice  (carbon dioxide). 

Storage s t a b i l i t y :  The lubricant dispersion 
closed container for  6 months a t  room temperature s h a l l  meet the wear-life 
and corrosion protection requirements of this specif icat ion.  

- Uses: 
copper, copper a l loys,  s t e e l ,  s t a in l e s s  s t e e l ,  titanium, and chromium and 
nickel-bearing surfaces. 
t ions ,  such as plain and spherical  bearings, t racks,  hinges, threads,  and 
cam surfaces. Useful under the following conditions: where conventional 
lubricants are d i f f i c u l t  t o  apply o r  re ta in ;  where other lubricants may be 
contaminated by d i r t  or  dust;  temperature ranges between -54°C (-65°F) t o  
177°C (c350"F) i n  meclianisms operated a t  infrequent intervals ;  and i n  
mechanisms t o  be lubricated for  l i f e .  

This resin-bonded so l id  f i lm i s  intended for  use on aluminum, 

Generally i s  su i tab le  f o r  s l id ing  motion applica- 

Limitations: This film lubricant should not be used on materials 
adversely affected by the heat-cure cycles of 204°C (400°F) for  1.0 hr . ,  
o r  149°C (300'F) fo r  2 hr. Application should be conducted i n  w e l l  vent i la ted 
areas where no flame o r  igni t ion source i s  present. The corrosion protection 
of t h i s  f i lm i s  probably obtained by the phosphate coating applied t o  the 
base material. .This lubricant s h a l l  contain no graphite or  powdered metals. 

MIL-L-46009 (MR) ; Lubricant, Solid Film, A i r  Drying (In Pressurized Con- 
ta iner s ) 

This specif icat ion establ ishes  the requirements €or one grade of 
air-drying so l id  film lubricant  packaged i n  self-pressurized containers; 
both the film lubricant properties and die aerosol container requirements 

e defined. 

self-pressurized Container and lubricant  
le  f a s t  air-drying binder 

of lubricat ing 
the lubricat ing 
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Film condition: The spray pa t te rn  s h a l l  be unifonn i n  color,  
smooth and f r ee  from bubbles and runs. 
t i o n  of material ingredients.  

There s h a l l  be no evidence of separa- 

Thermal s t a b i l i t y :  The so l id  f i lm lubricant  coated on steel . 
panels s h a l l  show no de ter iora t ion  a f t e r  5 hr.  of exposure t o  temperatures 
of 204°C (400°F) o r  when placed on a cake of so l id  carbon dioxide (dry-ice). 

Fluid resis tance:  
specimens s h a l l  be placed' inMIL-L-2104, Grade 10 engine o i l  fo r  24 hr.  a t  
38°C (100°F). Metal p la tes  must pass visual corrosion protection test and 
Falex spechens  must provide a 120-min. wear-l ife a t  4,448 N (1,000 lb.) 
gage load. 

Lubricant-coated metal p la tes  and Falex 

Wear-life: Falex pins and V-blocks s h a l l  be cleaned, 
phosphated and sprayed with dry film lubricant. 
minimum of 120 min. a t  4,448 N (1,000 lb.) gage load. Failure i s  indi-  
cated by a torque reading of 2.8 N m. (25 lb-in) o r  more, 

Wear-life s h a l l  be a 

Load capacity: Load carrying capacity o f  the dry f i l m  s h a l l  
be determined using the Falex Lubrication Tester, cleaned and phosphated 
pins and V-blocks coated with the  fi lm lubricant.  
c i t y  s h a l l  be 11,120 N (2,500 lb.) gage. 
increase i n  torque o r  by breakage of the shear o r  test  pin. 

The minimum load capa- 
Fai lure  i s  indicated by a large 

Corrosion resis tance:  Spray dry f i l m  lubricant,  1.016 to 
1.524 x 10-5 m.(0.0004 t o  0.0006 in.) thick,  on cold rol led steel (SAE 
1009), and allow to air-dry.  A 30-hr. exposure to high humidity i n  a 
desiccator two-thirds f u l l  of water a t  room temperature s h a l l  show no 
visual evidence of corrosion. 

Spray duration and w e i g i t :  The container s h a l l  provide a 
minimum ef fec t ive  spray period of 270 see. (spray containing lubricat ive 
pigment). 
of mater ia l ,  including a minimum of 0.01418 kg. (0.5 02.) of sol ids .  

The container s h a l l  contain a minimum of 0.3331 kg. (11.75 02.) 

Storage s t a b i l i t y :  The so l id  f i lm lubricant i n  the container 
s h a l l  m e e t  the  requirements of t h i s  specif icat ion a f t e r  1 year under s tan-  
dard laboratory conditions. 

- U s e s :  The air-drying, aerosol spray lubricant  is  intended f o r  
use on metallic-bearing surfaces where moderate wear-life and corrosion 
protection a r e  desired. It can be used t o  repair worn bearing surfaces 
or ig ina l ly  coated with thermosetting resin-bonded so l id  film lubricants.  
This lubricant  can a l s o  be used t o  prevent scoring and seizure on i n i t i a l  
s tar t -up of new or  overhauled heavily loaded equipment. Although intended 
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as an a i r -d ry  f i lm lubr icant ,  i t  may a l s o  be cured a t  temperatures up t o  
121 "C (+250 OF) . 

Limitations: The use of t h i s  s o l i d  f i lm lubr icant  is  not  recom- 
mended on r o l l i n g  element bearings. 
reduced by the  presence of l ub r i ca t ing  o i l s .  
should not be s tored  a t  temperatures above 49°C (120°F) and should be kept 
away from d i r e c t  sun l igh t ,  s toves ,  r a d i a t o r s  and o ther  heat sources. 

The wear- l i fe  is a l s o  d r a s t i c a l l y  
The lub r i can t  and container 

NIL-L-81329A (ASG) ; Lubricant, Solid Film, Extreme Environment 

This spec i f i ca t ion  e s t ab l i shes  the  requirements f o r  a s o l i d  f i lm 
lubr icant  t o  be used i n  extreme environments, including temperatures from 
-184°C (-300°F) t o  399°C (+750"F) l i qu id  oxygen, and vacuum, t o  reduce 
wear and prevent ga l l i ng  and se i z ing  of m e t a l  surfaces.  

Condensed spec i f i ca t ion  requirements: 

Material:  High qua l i ty  lub r i ca t ing  s o l i d s  i n  a s u i t a b l e  
binder a t  spraying consistency. Organic materials are not s u i t a b l e  f o r  
t h i s  lubr icant .  The lubr icant  ma te r i a l  s h a l l  be nonflammable when heated 
by a Bunsen Burner flame. The applied lubr icant  f i lm s h a l l  be capable of 
being cured by the  following heating schedule: 1 / 2  h r .  a t  25°C (77"F), 
2 hr.  a t  82°C (180°F), and 2 hr.  a t  149°C (300°F). 

Appearance and f i lm thickness:  The s o l i d  fi lm lubr icant  
s h a l l  be f r e e  of surface imperfections and. show no evidence of separa t ion  
of material ingredients ; the  f in i shed  fi lm thickness s h a l l  be between 
2.54 and 3.56 x 10-5m. (0.0010 and 0.0014 in.) .  

Film adhesion: The bonded fi lm lub r i can t  s h a l l  no t  be l i f t e d  
f r o m  the t e s t  panel by the  pressure-sensit ive masking tape method. A uni- 
form depos i t  of powdery ma te r i a l  may c l i n g  t o  the  t ape ,  but l i f t i n g  of any 
f lakes  o r  p a r t i c l e s  which expose any bare metal s h a l l  ind ica te  unsa t i s fac tory  
adhesion. 

Thermal s t a b i l i t y :  The bonded s o l i d  f i lm lubr icant  applied 
t o  18-8 s t a i n l e s s  s t e e l  panels and exposed t o  399°C (750°F) f o r  3 hr.  fo l -  
lowed by 1 hr.  a t  -184°C (-300°F) s h a l l  show no f lak ing ,  cracking o r  soften- 
ing. 

Endurance l i f e :  The s o l i d  film lubr icant  s h a l l  have a min- 
imum average l i f e  of 80 min. on the  Falex Lubricant Tester a t  4,448 N 
(1,000 lb.)  gage load. A minimum of four tests i s  required. N o  s ing le  t e s t  
s h a l l  have a l i f e  of less than 70 min. 

AVI-I3-8 



Al3EC-3 tolerance. 

p l ied  t o  an an t i - f r i c t ion  bearing and subjected t o  a vacuum environment of 
(1.0 x 10-6) 1.333 x 10-4 N/m2 t o r r  a t  538OC (1000OF) and 1,250 rpm. 

N (5.0 lb.) axial and a 13.34 N (3.0 lb.) r ad ia l  load s h a l l  be applied t o  
the bearing. 
100 hr .  Fai lure  i s  indicated by 7OC (20OF) rise i n  temperature of the bear- 
ing case o r  a 50% increase i n  power required. 

A 22.24 

The so l id  fi lm lubricant  shall demonstrate a minimum l i f e  of 

Shock sens i t i v i ty  with "LOX": The so l id  film lubricant  tes ted  
i n  accordance with U.S. A i r  Force Specification Bullet in  527 s h a l l  give no 
react ion i n  20 test drops a t  94.91 joule  (70 f t l l b )  energy level. The 
so l id  fi lm lubricant s h a l l  be spray deposited and cured i n  test  cups p r io r  
t o  tes t ing.  

Storage s t a b i l i t y :  A closed quart  container of the so l id  
film so lu t ion  s h a l l  be stored a t  25OC (77OF) for  6 months. It s h a l l  then 
be mechanically agi ta ted for  5 min., the container opened,* and the lubri-  
cant examined for  homogeneity. 
the fi lm adhesion, thermal s t a b i l i t y  and endurance l i f e  tests. 

Cured so l id  fi lm specimens s h a l l  then pass 

- Uses: 
oxygen systems, space vehicles,  bearing and other equipment where the 
environments of temperature, nuclear radiat ion and vacuum w i l l  not permit 
the use of conventional lubricants o r  organic-bonded so l id  film lubricants.  

This so l id  film lubricant i s  intended for  use i n  l iquid 

Limitations: This so l id  fi lm lubricant should not be used on 
materials which may be adversely affected by the required cure temperature 
of 149°C (300OF). It should not be used with o i l s  or  greases unless ex- 
perience indicates  otherwise. 

This specif icat ion covers the requirements fo r  the preparation 
of p a r t s  and appl icat ion of two types of dry f i lm lubricat ing materials, 
designated MLF-5 and MLF-9, t ha t  have low f r i c t i o n  and w i l l  support high 
loads. 
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si l icate  i n  

: Prepara t ion  r e q u i r e s  c a r e f u l  mixing of 
s p e c i f i e d  amou sizes of several g ranu la r  powders, inc luding:  
molybdenum d i s u l f i d e ,  g r a p h i t e ,  bismuth and aluminum phosphate i n  s p e c i f i e d  
propor t ions  of d i s t i l l e d  water. 
f i l m  s h a l l  pass  through a 325-mesh sieve (44 pm.). 

The powdered ing red ien t s  f o r  t h i s  s o l i d  

Mixing, a p p l i c a t i o n  and cure:  Both MLF-5 and MLF-9 must be  
cont inuously s t i r r e d  dur ing  mixing, and t h e  mixed l u b r i c a n t  s o l u t i o n  must 
a l s o  be  s t i r r e d  i n  t h e  con ta ine r  dur ing  spray app l i ca t ion .  The s o l i d  f i l m  
must be a p p l i e d a s  a f i n e  m i s t  spray,  us ing  a dry-n i t rogen  p res su re  source.  
The rate of a p p l i c a t i o n  should be such t h a t  t h e  f i lm  appears t o  dry on 
con tac t  and no w e t  s p o t  should appear.  Ind iv idua l  c o a t s  o r  l a y e r s  of f i l m  
l u b r i c a n t  should be between 2.54 and. 10.16 pm. (0.0001 and 0.0004 in . ) .  
Both MLF-5 and MLF-9 r e q u i r e  s e q u e n t i a l  h e a t  c u r e  cyc le s ,  the maximum f o r  
MU-5 i s  149°C (300OF) ; f o r  MLF-9 t h e  maximum i s  227°C (440°F). 

Workmanship: When app l i ed  t o  p a r t s  and cured as s p e c i f i e d ,  
both MLF-5 and MLF-9 l u b r i c a n t s  s h a l l  show no evidence of cracking,  f l a k i n g ,  
o r  o t h e r  d e f e c t s  t h a t  adverse ly  a f f e c t  t h e i r  intended use. 

MIL-L-60326 (MU) (1) : Lubricant ,  Fluorocarbon Toelomer Dispersion (For U s e  

General c h a r a c t e r i s t i c s :  This s p e c i f i c a t i o n  covers  a fluorocarbon 
l u b r i c a n t  dkspersed i n  t r i d o r o t r i f l u o r o e t h a n e  (Freon) a v a i l a b l e  i n  t h r e e  

d content  varies from 20% t o  2.5%. 

vered by t h i s  s p e c i f i c a t i o n  are intended f o r  

er, e las tomers ,  s a l u b r i c a n t  o r  release 
good l u b r i c i t y  and a n t i s t i c k  p r o p e r t i e s  

AVI-B- 10 



SS-0659a: Graphite,  Dry (Lubricat ing,  NATO Code: 5-732) 

General c h a r a c t e r i s t i c s :  This  s p e c i f i c a t i o n  covers  a powdered 
l u b r i c a t i n g  g r a p h i t e  f r e e  from any i n d i c a t i o n s  of caking or lumping which 
may be  made from n a t u r a l  o r  manufactured g raph i t e ,  un less  o therwise  s p e c i f i e d .  
The graphite-carbon content  must no t  be  less than 95%. N o  p a r t i c l e  sPze 
s h a l l  b e  l a r g e r  than 149 pm. (100 mesh); 88% must be  smaller than  74 pm. 
(200 mesh); and a t  least 60% must b e  smaller than  44 pm. (325 mesh). 

- U s e s :  Intended f o r  u se  as a dry l u b r i c a n t  o r  t o  be compounded 
wi th  o i l s  and greases .  A s  a dry l u b r i c a n t ,  it may b e  app l i ed  by burnishing,  
spray,  o r  dipping. It may a l s o  be compounded wi th  res inous  b inders ,  a lone  
o r  wi th  o t h e r  materials to  form s o l i d  l u b r i c a n t s  and composite l u b r i c a n t s .  

Limitat ions:  The powdered l u b r i c a n t  does no t  provide cor ros ion  
p ro tec t ion .  
be  f r e e  from ab ras ives  o r  o the r  undes i r ab le  i m p u r i t i e s ,  and must n o t  con- 
t a i n  more than  2.5% ash  o r  v o l a t i l e  matter. 

It may b e  used over  a wide temperature  range. The powder must 

MSFC SPEC-502: Lubricant ,  Dry Film, Ceramic, MLF-5, P repa ra t ion  and 
Applicat ion of 

This  s p e c i f i c a t i o n  covers  t h e  requirements f o r  t h e  p repa ra t ion  
and a p p l i c a t i o n  of a LOX compatible dry f i l m  l u b r i c a n t  designed MLF-5. 
Included are: q u a l i f i c a t i o n  of t h e  f a c i l i t y  and process ,  spray  opera tor ,  
and new r a w  materials used. MLF-5 dry f i l m  is a v a i l a b l e  i n  two grades:  
Type I - heavy duty,  long l i f e ;  Type I1 - l i g h t  duty,  s h o r t  l i f e .  

F a c i l i t y  and process  approved: To o b t a i n  f a c i l i t y  and process ,  
t h e  s u p p l i e r  must prepare  a complete d e s c r i p t i o n  of t h e  method of compound- 
i n g  and applying t h e  l u b r i c a n t .  
meeting s p e c i f i c a t i o n  requirements are a l s o  requi red .  Reapproval i s  a l s o  
requi red  f o r  s i g n i f i c a n t  changes i n  procedure, f a c i l i t y  o r  changes i n  
ope ra t ing  personnel  o r  i f  procedure i s  n o t  used w i t h i n  3 months. 

P repa ra t ion  of endurance test samples 

Raw material approval:  Each new ba tch  combination of raw materials 
(except d i s t i l l e d  w a t e r )  r equ i r e s  p repa ra t ion  of t h r e e  endurance test sam- 
p l e s  meeting s p e c i f i c a t i o n  requirements.  

Spray ope ra to r  approval:  Each new spray  ope ra to r  must demonstrate 
h i s  s k i l l  i n  spraying p a r t s  w i t h  MLF-5 l u b r i c a n t  by prepar ing  t h r e e  endurance 
test samples t h a t  m e e t  s p e c i f i c a t i o n  requirements.  Reapproval of ope ra to r  
is requ i r ed  i f  more than 1 month occurs  between spraying  operat ions.  

AVI-B-11 



P r e p a r a t i o n  o f  p a r t s :  S p e c i f i c a t i o n  requi rements  cover  method 
of  s u r f a c e  p r e p a r a t i o n  p r i o r  t o  a p p l i c a t i o n  o f  l u b r i c a n t s .  These i n c l u d e  
machine f i n i s h ,  g r i t  b l a s t  f i n i s h ,  and s u r f a c e  c l e a n i n g .  Unless d e t a i l e d  
drawing s p e c i f y  o therwise ,  t h e  s u r f a c e  f i n i s h  s h o u l d  b e  i n  t h e  r a n g e  o f  
4.06 t o  7.62 x m. (16  t o  30 p i n . )  rms. 

P r e p a r a t i o n  of  MLF-5 l u b r i c a n t :  S p e c i f i c a t i o n  i n c l u d e d  completely 
t h e  q u a n t i t y  and q u a l i t y  of each i n g r e d i e n t  i n  MLF-5 l u b r i c a n t .  This  in -  
c l u d e s  molybdenum d i s u l f i d e  powder, g r a p h i t e  powder, sodium s i l i c a t e ,  g o l d  
powder, NPC t u r g i t o l  n o n i o n i c ,  and d i s t i l l e d  o r  d e i o n i z e d  water. 

Film t h i c k n e s s :  Optimum t h i c k n e s s  of  MLF-5 l u b r i c a n t  depends on 
a n t i c i p a t e d  use  and a v a i l a b l e  c l e a r a n c e .  Unless s p e c i f i e d  on d e t a i l e d  
drawings,  recommended f i l m  t h i c k n e s s  should  b e  between 1.02 t o  3.05 x 10-5 
m. (0.0004 t o  0.0012 i n . ) .  

Fi lm c u r e  c y c l e :  The a p p l i e d  l u b r i c a n t  s h a l l  be h e a t  cured i n  a 
t h r e e - s t e p  c u r e  c y c l e .  

1. Heat a t  80°C 5OC f o r  2 h r .  

2. Heat a t  149°C 2 5OC f o r  8 h r .  

3. Reduce s lowly  from 149°C t o  ambient tempera ture .  

S h e l f  l i f e :  MLF-5 l u b r i c a n t  n o t  used w i t h i n  5 days a f t e r  mixing 
s h a l l  be d i s c a r d e d .  

In tended  use:  This  s p e c i f i c a t i o n  i s  i n t e n d e d  f o r  u s e  i n  t h e  p r e p a r a -  
t i o n  and a p p l i c a t i o n  o f  MLF-5 l u b r i c a n t  t o  s p e c i f i e d  p a r t s  o r  components of  
s p a c e  v e h i c l e s  and a s s o c i a t e d  equipment. 

MSFC (Drawing); 50M60434: L u b r i c a n t ,  Dry Film, MLR-2 P r e p a r a t i o n  and 
A p p l i c a t i o n  of (NATO Code: None) 

This  s p e c i f i c a t i o n  covers  t h e  requi rements  f o r  t h e  p r e p a r a t i o n  o f  
p a r t s  and a p p l i c a t i o n s  o f  dry  f i l m  l u b r i c a t i n g  materials, d e s i g n a t e d  
MLR-2, t h a t  has  low f r i c t i o n  c o e f f i c i e n t s  and t h e  c a p a c i t y  of  s u p p o r t i n g  
h i g h  l o a d s  w i t h o u t  p e n e t r a t i o n .  This  dry  f i l m  l u b r i c a n t  is n o t  compat ib le  
w i t h  LOX. 

P r e p a r a t i o n  o f  p a r t s :  S p e c i f i c a t i o n  requi rements  c o v e r  method of 
s u r f a c e  p r e p a r a t i o n  p r i o r  t o  a p p l i c a t i o n  of  l u b r i c a n t .  These i n c l u d e  machine 
f i n i s h ,  g r i t  b l a s t  f i n i s h , a n d  s u r f a c e  c l e a n i n g .  The prepared  s u r f a c e  should  
have a random s u r f a c e  f i n i s h  of  4.06 t o  6.10 x 10-7 m. (16 t o  24 u in . )  r m s .  
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Preparation of MLR-2 lubricant:  Specifications l i s t  the  ingredi- 

molybdenum disu l f ide  powder, antimony t r iox ide  powder, 
ents and quant i t ies  of each as w e l l  as t h e  method of mixing MLR-2 lubricants.  
Materials used are: 
polyimide high temperature binder solution, xylene-xylol, and pyrrolidinone. 
Ingredients must be  thoroughly mixed fo r  5 min. i n  a sealed high-speed 
blender . 

Application and f i lm thickness: MLR-2 lubricant  must be con- 
tinuously s t i r r e d  i n  a special  s ide  ou t l e t  f l a sk  during appl icat ion t o  
prevent par t ic le  se t t l ing .  
spray using nitrogen on air  (MSFL-PROC-404) and the p a r t s  t o  be sprayed 
s h a l l  be heated t o  49°C t o  60°C (120'F t o  140°F) pr ior  t o  spraying. H e a t  
lamps are required t o  assure a dry surface and to  accelerate  evaporation 
of the fi lm mixture. 
perature f o r  10 t o  20 min. 
applicable d e t a i l  drawing. 
with a f i lm thickness of 7.62 x 10-6 m, (0.003 in.). 

The mixture shall be applied by an air  brush 

After spraying, p a r t  should be dr ied  a t  ambient tem- 
Film thickness s h a l l  be  as specified on the 
Optimum f i lm  performance i s  usually obtained 

Film cure cycle: After the applied fi lm has dried a t  ambient 
temperature, it s h a l l  be cured by the following three-step cycle: (1) 93°C 
(200OF) for  1.0 hr., (2) 302OC (575°F) for  1.0 hr., and ( 3 )  remove and 
a l l o w  t o  cool t o  ambient temperature. 

Intended use: This specif icat ion i s  intended for  the use i n  
preparation and appl icat ion of MLR-2 lubricant  t o  specified p a r t s  and com- 
ponents of space vehicles and associated equipment. 
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APPENDIX C 

TEST EQUIfflENT AND PROCEDURES 

Falex Lubricant Tester 

A. Apparatus 

The Falex tester u t i l i z e s  a ro ta t ing  pin and V-block test con- 
f igurat ion as shown i n  Figure 1. The Falex Lubricant Tester consis ts  of 
a drive motor, loading mechanism, reaction-torque sensing system, and 
elapsed running time control  u n i t  with an automatic cutoff switch (see 
Figure 2). 
a t  Midwest Research Ins t i t u t e .  
the so l id  lubricant  industry,  provides a means f o r  evaluating the load 
carrying capabi l i t  

The control  un i t  and cutoff device were designed and fabricated 
This tester, which has been used throughout 

and the wear-life of a fi lm a t  high loads. 

B. T e s t  Procedures 

1. Life tests:* 

a. Inser t  the  so l id  f i lm coated V-blocks i n  the recesses 
of the loading device. 

b. Mount the  so l id  f i lm coated test pin i n  the  test sha f t  
and in se r t  the brass shear pin. 

c. Posit ion the loading mechanism and turn the ra tche t  wheel 
by hand u n t i l  the  loading mechanism engages (indicated on the load gauge). 
Posit ion the load applying arm and energize the dr ive  motor u n t i l  a gauge 
load of 1,334 N (300 lb.) i s  reached; remove the load applying arm and con- 
t inue running fo r  3 min.; then increase the load t o  2,224 N (500 lb.) 
using the load applying arm, and run for  1 min. 

d. Apply loads i n  increments of 1,112 N (250 lb) ;  run f o r  
l m i n .  a t  each load u n t i l  a 4,448 N (1,000 lb.) gauge load is  reached on 
the  20,016 N (4,500 lb.) gauge. Maintain a 4,448 N (1,000 lb.) load and 
measure the time-to-failure. 

* T e s t  procedure requirements of Federal T e s t  Method Standard No. 791a, 
Method 3807. 
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e. F a i l u r e  i s  indicated by a torque  rise of 0.566 j o u l e  
(5 in- lb)  above t h e  s teady  state va lue  o r  breakage of  t he  test  o r  shear  
pin.  

2. Load c a r r y i n g  capac i ty  : ik  

a. Inser t  the s o l i d  f i lm  coated V-blocks i n  the recesses 
of t h e  loading device.  

b. 
and in se r t  t h e  b ra s s  shea r  pin.  

Mount t h e  s o l i d  f i lm  coated test  p i n  i n  t h e  test  s h a f t  

c. P o s i t i o n  t h e  loading mechanism and t u r n  t h e  r a t c h e t  
wheel by hand u n t i l  t h e  loading mechanism engages ( ind ica ted  on t h e  load 
gauge). P o s i t i o n  the  load applying arm and energ ize  the  d r i v e  motor u n t i l  
a gauge load of 1,334 N (300 lb.) i s  reached; remove t h e  load applying arm 
and cont inue  running f o r  3 rnin.; t hen  inc rease  t h e  load t o  2,224 N (500 lb.) 
u s ing  t h e  load applying arm and run  f o r  1 min. 

d. Apply load i n  increments of 1,112 N (250 lb . )  (gauge 
load) wi th  1 min. runs a t  each load u n t i l  a gauge of  20,016 N (4,500 lb.)+:;k 
i s  reached o r  u n t i l  f a i l u r e  occurs.  

e. F a i l u r e  i s  ind ica t ed  by i n a b i l i t y  of t h e  l u b r i c a t i n g  
f i l m  t o  main ta in  t h e  load  f o r  1 min., breakage of t h e  shear  o r  t es t  pin,  
o r  a sharp inc rease  i n  torque,  0.791 j o u l e  (7 i n - lb  o r  more) over  t he  
gradual  i nc rease  accompanying t h e  increase  i n  load. 

Vacuum Weight Loss of Bonded So l id  Film Lubricants  

Metal specimens, 1 in .  x 1 in . ,  w e r e  c leaned and coated wi th  t h e  
test  s o l i d  l u b r i c a n t  materials. All l u b r i c a n t  samples w e r e  cured i n  ac- 
cordance w i t h  the  manufac turer ' s  requirements.  
on a n  a n a l y t i c a l  balance t o  t h e  n e a r e s t  0.1mg. 
i n  holders  and subjec ted  t o  a vacuum of 1.3332 x 10-4  N/m2 
a per iod  of 528 hr .  
l a t e d  on the  b a s i s  of weight loss per  square cent imeter .  

Samples w e r e  t hen  weighed 
T e s t  samples w e r e  placed 

t o r r )  €or  
Samples w e r e  then  reweighed and weight l o s s  calcu-  

;k T e s t  procedure requirements of Federal  T e s t  Method Standard No. 791a, 
Method 3812. 

J.-L db#b Not r equ i r ed  by Federa l  T e s t  Method Standard No. 791a, Method 3812, 



Elec t r i ca l  Conductivity 

A. Apparatus 

1. Glass s l ides ,  0.0762 x 0.0254 m. (3 in. x 1 in.). 

2. S i lver  paint ,  

3. Wheatstone bridge. 

B. Test Procedure 

1. Apply silver paint t o  the areas of the  glass  s l i d e  shown i n  
Figure 3. 

2. Apply and cure t e s t  lubricants i n  accordance with the manu- 
fac turer ' s  requirements t o  areas shown i n  Figure 3. 

3. Connect leads t o  s i lvered areas of s l i d e  and t o  Wheatstone 
Bridge . 

4. Determine resis tance of films and report  r e su l t s  i n  ohms 
resis tance for  a l- in.  gap. 

Pe l le t  Wear-Life 

A. Apparatus 

The wear-life runs were performed on a 12-station bench setup 
(Figure 4).  
uni t .  The lubricat ion f i l m  w a s  applied t o  the f l a t  ends of the three 
p e l l e t s  which are r ig id ly  mounted i n  the p e l l e t  holder, 
w a s  driven a t  900 rpm (765 fpm) and loaded t o  2.94 N (300 g/contact) ,  
93,079 N/m2 (13.5 p s i  projected area). Film thickness w a s  controlled 
between 1.01 and 1.52 x m. (0.0004 and 0.0006 in.) for  the resin-bonded 
films and 2.29 and 2.79 x 
bonded films. 
t i o n  for  the duration of each run. 

Each s t a t i o n  consis ts  of a wear-l ife tes'ter and a control  

The p e l l e t  holder, 

m. (0.0009 t o  0.0011 in.) for  the s i l i c a t e -  
A controlled flow of dry nitrogen w a s  supplied t o  each sta- 

The atmosphere w a s  selected because it was  i ne r t ,  eas i ly  re- 
produced, and offered the  poss ib i l i t y  of cor re la t ion  with vacuum environ- 
ment data. 
would shut down when the f r i c t i o n a l  torque reached a value corresponding 
t o  a f r i c t i o n a l  coef f ic ien t  of 0.3 (Figure 5). 

The high f r i c t i o n  shutoff switch w a s  set  s o  tha t  the tester 
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The pe l l e t s  were annealed, 440-C s t a in l e s s  steel, 0.00635 m. 
(0.25 in.) diameter by 0.00635 m. (0.25 in.) length, and the wear p la tes  
Were hardened 440-C s t a in l e s s  s t e e l  (Figure 6 ) .  
s t a in l e s s  steel w a s  15 t o  20 Rockwell C i n  the annealed condition and 55 
t o  59 Rockwell C i n  the hardened condition. 

The hardness of the 4 4 0 4  

. --. - 

B. T e s t  Procedure 

1. A l l  commercial so l id  lubricants were applied and cured i n  
accordance with the manufacturer's requirements. 

2. Film thicknesses were measured t o  the  nearest  2.54 x 10-6 m. 
(0.0001 in.). 

3. Samples w e r e  then run for  10 min. a t  no load. This was done 
t o  smooth the film and t ransfer  a th in  film t o  the  wear track. 

4. Film thickness measured. 

5. Item (3) was repeated under half  load (150 g.) f o r  10 min. 

6. Film thickness measured. 

7. Ful l  load of 300 g. applied t o  tester. 

8. T e s t s  terminated when f r i c t i o n  reached 0.3. 

P e l l e t  Fr ic t ion  and Wear-Life (Environment) 

A. Apparatus 

The vacuum f r i c t i o n  apparatus consis ts  primarily of a dynamometer 

A wear t rack and p e l l e t  holder are placed on a pedestal 
mounted, var iable  speed motor, fed in to  a vacuum chamber by means of a 
magnetic coupling. 
inside the chamber and the p e l l e t  holder i s  driven by means of a dr ive pin 
inser ted i n  the dr ive  shaf t  (Figure 7) .  

Fr ic t iona l  torque i s  sensed by means of a transducer which sends 
a s igna l  i n t o a  BauschdL Lamb s t r i p  recorder. The recorder is equipped with 
a var iable  over-torque shutoff switch and a clock timer measures the elapsed 
running time. 
o i l  dif fusion pump. 

The system is equipped with a mechanical vacuum pump and an 
The tes t  configuration is  shown i n  Figure 6. 
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Figure 7 - Vacuum F r i c t i o n  Apparatus 
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A l l  tests w e r e  conducted a t  0.49033 N (50.0 g.) contac t  
15,168 N/m2 (2.2 p s i  projected a rea ) ,  900 rpm (765 fpm). 
f o r  these t e s t s  was ambient t o  6.667 x 10-5 N/m2 (5 x 10-7 t o r r ) ,  

The environment 

The p e l l e t s  were annealed, 440-C s t a i n l e s s  steel ,  0.00635 m. 
(0.25 in.) diameter by0.00635 m. (0.25 in.) length,  and the  w e a r  plates 
were hardened, 440-C s t a i n l e s s  steel. The hardness of t he  440-C s t a i n l e s s  
steel  was  15 t o  20 Rockwell C i n  the  annealed condition and 55 t o  59 Rock- 
w e l l  C i n  t he  hardened condition. 

T e s t  lubr icants  were applied and cured i n  accordance wi th  the 
manufacturer's requirements. Fi lms ranged i n  thickness from 1.01 and 
1.52 x lom5 m.(0.0004 t o  0.0006 in.) f o r  the  resin-bonded materials t o  
2.29 and 2.79 x m.(0.0009 t o  0.0011 in.) f o r  the  s i l i c a t e  type mate- 
rials. 

B. T e s t  Procedures 

1. -100°F tests:  The -100°F f r i c t i o n  tests were accomplished 
by passing l i q u i d  n i t rogen  through the c o i l s  i n  contac t  with t h e  wear t rack .  
T e s t s  were conducted i n  vacuum t o  prevent the formation of i c e  on the wear 
t rack .  Tests w e r e  s t a r t e d  under f u l l  load 0.49033 N (50.0 g,) .  S t a t i c  
f r i c t i o n  w a s  measured a t  test  s ta r t -up .  Dynamic f r i c t i o n  w a s  monitored 
during the  e n t i r e  test. 
t i o n  reached a value of 0,3. 

Tests were terminated when the  coe f f i c i en t  of f r i c -  

2. Room temperature tests (ambient): Tests were conducted as 
T e s t s  were conducted i n  described above except no cooling was  required. 

dry-nitrogen atmosphere. 

3 .  High temperature tests,204"C (400°F): Tests w e r e  conducted 
as described i n  (1) and (2) above except hea t  w a s  applied t o  maintain the 
204°C (400°F) temperature. Tests were conducted i n  dry-nitrogen atmosphere. 

Journal Bearing T e s t s  

A. Apparatus 

The journal bearing tester, shown i n  Figure 8, i s  used t o  measure 
coe f f i c i en t s  of f r i c t i o n  and wear-life of bonded s o l i d  lubr icants  applied 
t o  p l a in  journa l  bearings operating on c y l i n d r i c a l  sha f t s .  
Figure 9, are hardened dowel pins chucked i n  two precision c o l l e t s  mounted 
i n  p i l l o w  blocks. The journa l  i s  the  base of a standard, 1.58 x 
(5/8 in.) diameter sphe r i ca l  bearing. 

The tes t  s h a f t s ,  

The spher ica l  surface i s  used only 
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for  i n i t i a l  alignment and is not lubricated. 
bearing sea t  is used t o  f a c i l i t a t e  replacement of the journal. 
applied to  the journal by a 0,127 m. (5 in.) bore pneumatic cylinder through 
a hanger in  which the spherical bearing. seat i s  mounted. 
nitrogen i s  used t o  control the load on 'the journal bearing. 
hanger is  instrumented with semi-conduc tor  s t r a i n  gauges fo r  measurement of 
both load and torque. 

A loader s l o t ,  spherical 
Load is  

Regulated air  or  
The load 

One of the co l le t s  holding the shaf t  i s  driven by an SCR con- 
t rol led DC motor with integral  gear reducer. 
from 5 t o  100 rpm. 
a measure of the wear-life of the journal bearing. 

Shaft speed is  adjustable 
A running time meter on the motor controller provides 

Torque sensed by the s t r a i n  gauges i s  indicated on a meter relay 
The meter relay i s  used t o  turn off and recorded on an external recorder. 

the drive motor when a preset torque l i m i t  is  exceeded. 

B. Test Procedure 

1. Assemble coated t e s t  specimens i n  the machine. 

2. Tighten holding col le ts .  

3 .  Set gas regulators for  desired load. 

4 .  Set the machine for  desired t e s t  speed. 

5. Connect gas hoses t o  pneumatic load cylinders. 

6. Reset timer t o  zero minutes. 

7. S e t  automatic shutoff a t  desired maximum friction. 

8. S t a r t  t e s t  machine. 
I 

9.  Run t e s t  un t i l  failure.  
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The purpose of t h i s  apparatus i s  t o  evaluate s o l i d  f i lm  
cank applied to’instrument s i ze  spur gears. The tes 
I n  t h i s  u n i t ,  torque lohds t o  20 oz-in are locked i n t  
arrangement and the  gears are driven a t  se l ec t ed  speeds betrween 50 and 5,000 
rpm. Two of the  48- t c h  20-degree p su re  angle test gears have 55 t e e t h  
and the  o ther  t t jo h 56 tee th .  The tooth  gears have a p i t c h  d i m e &  
of 1.1458 and 1/8-i face  width. The -tooth gears have p i t c h  diameters 
of 1.1667 and a face width of 3/16 in.  This test  head i s  one of s i x  i n  a 
tes t  setup which permits operation i n  a i r  or i n e r t  gas. I n  addi t ion ,  the  
test  head is  driven through a magnetic coupling t o  f a c i l i t a t e  i n s t a l l a t i o n  
on a 4- o r  6-in. vacuum f l a n  f o r  gear  l ub r i can t  t e s t i n g  i n  a vacuum. 
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CCMPOSITE GEAR MEASURING APPARATUS 

The purpose of t h i s  apparatus is  to :  (1) measure tooth-to-tooth 
e r ro r s  (var ia t ion i n  c i r cu la r  pi tch,  tooth thickness, and p ro f i l e ) ;  (2) 
measure t o t a l  composite e r r o r  ( t o t a l  tooth and run-out var ia t ions) ;  and 
(3) measure so l id  lubricant  f i lm thickness applied t o  the  teeth.  The com- 
pos i te  gear measuring f i x t u r e  cons is t s  of a ca l ibra ted  master gear mounted 
on a movable arm, a l inear  displacement transducer, a transducer indicator  
amplif ier ,  a s t r i p  char t  recorder, and a dr ive  motor for  the tes t  gear. 
gear being tes ted  i s  mounted on the  driven s h a f t  and loaded against  the  
master gear with a 20-oz, weight. The changes i n  center  distance as the  
fxo gears revolve are detected by the transducer which bears against  the 
movable arm carrying the master gear. 
one complete revolution, the var ia t ion  i n  center  distance is  recorded on 
the char t  recorder. 

The 

While the  test  gear i s  rotated through 
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T e s t  Procedure: Four-Square Gear Tester (Instrument Gears) 

1. Clean one set  of  t e s t  gears  ( four  g e a r s ) :  (a) wash i n  
de t e rgen t ;  (b) r i n s e  w i t h  water; (c) r i n s e  w i t h  acetone;  and (d) dry  wi th  
n i t rogen .  

2 .  Determine p r o f i l e  of each tes t  gear  u s ing  a v a r i a b l e  c e n t e r  
d i s t a n c e  composite gear  measuring appara tus  tester. (Applies t o  Step 5.) 

3 .  Prepare tes t  gears  f o r  l u b r i c a n t  a p p l i c a t i o n  by g r i t  b l a s t i n g  
w i t h  a i r  carrier t o  o b t a i n  15-25 nns su r face  f i n i s h .  Clean test  gears  by: 
(a )  de t e rgen t  sc rub;  (b) u l t r a s o n i c  c l ean ing  wi th  de t e rgen t ;  (c) water r i n s e ;  
(d) acetone r i n s e ;  and (e) dry w i t h  n i t rogen .  

4 .  Apply d r y  f i lm  l u b r i c a n t  and cure.  

p 
5. Obtain p r o f i l e  of l ub r i ca t ed  gears  w i t h  gear  tester. Deter- 

mine l u b r i c a n t  f i lm  th ickness  by comparing bc’forc- and a f t e r - l u b r i c a t i o n  
p r o f i l e s .  

6. I n s t a l l  gears  i n  test f i x t u r e  and a d j u s t  c e n t e r  d i s t a n c e  f o r  
0.0012 in. c learance  (manufacturer’s  recommendation). 

7. Run gears  f o r  10 min. without  load. Reset c e n t e r  d i s t a n c e  t o  
0.0012 in .  

8 .  Apply d e s i r e d  t e s t  load and evacuate and b a c k - f i l l  t es t  chamber 
w i t h  n i t rogen .  S t a r t  d r i v e  motor and s e t  spccd a t  clcsired value.  

9. Measure d r i v e  motor torque and s e t  over-torque l e a f  sp r ing  
t o s h u t  o f f a t  25% inc reasc  i n  torque,  

10. A l l o w  test  t o  run u n t i l  f a i l u r e  occurs.  
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POWER-TRANSMITTING GEAR TEST APPARATUS 

The spur gear t es t  apparatus i s  used t o  evaluate fi lms and com- 
pca i te  mater ia ls  on gears large enough t o  be considered as power-transmitting 
ra ther  thaninstrument gears. Two DC torque motors, which provide constant 
torque a t  a given speed, a r e  mounted s o  t h a t  the center  dis tance between 
t h e i r  s h a f t s  can be  var ied from 4 in.  t o  12 in. One motor serves as the 
dr iver  and the other  loads the gears. These functions are revers ib le  and 
interchangeable. T e s t  gears are mounted d i r e c t l y  on the r o t o r  s h a f t s  and 
may be of 10-20 diametral pi tch,  Performance data  of the motors are: 

Motor 1 Motor 2 

Maximum torque ( f t - l b )  
No load speed (rpm) 
M a x i m u m  voltage (vol ts  DC) 
Maximum current  (amp) 

22 7 
153 258 

67.0 45.7 
7.8 5 .4  

The motors a r e  cooled by a forced d r a f t  and, when desired,  the 
atmosphere surrounding the t e s t  gears may be control led.  
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1. G r i t  b l a s t  
to obtain 12-25 rms surface f in i sh .  
(b) ul t rasonic  cleaning w i t h  detergen 
and (e) dry with nitrogen. 

2. A p p l y  dry film lube and cure. 

3. I n s t a l l  test  gears on tester. 

4 .  Adjust center  distance t o  desired value. 

5. Turn on cooling a i r  t o  dr ive  and load motors. 

6 .  Start dr ive motor and ad jus t  speed t o  150 rpm. 

7. Increase current on loading motor u n t i l  desired load is  ob- 
tained. NOTE: Do not exceed 3.9  f t - l b  (3.0 amp) on load motor. 

8. A l l o w  test  to run u n t i l  lubricant f a i l u r e  i s  determined by 
(Stop tester and examine gears every v isua l  observations of gear teeth.  

1 /2  hr.) 
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WORM GEAR TESTER 

The purpose of the worm gear t e s t e r  is t o  evaluate sol id  film 
lubricants applied t o  f ract ional  horsepower worm gears. 
sists of a 1/2 h.p. drive motor, the worm gear un i t ,  and a 1/2 h.p. DG 
generator used as a loading device. 
1 / 2  h.p., 10 , to  1 reduction unit. 
four threads and a 20-degree 
40 teeth. 
the drive motor and loading generator a re  dynamometer mounted t o  measure 
input and output 
i n  the shaf t  and 
pyrometer. 

The tester con- 

The worm gear uni t  i s  a commercial 
The worm is case-hardened steel, with 

pressure angle. The worm wheel is brass with 
Both Lubricant film i s  applied t o  both the worm and worm wheel. 

orsepower. ..Worm temperature i s  monitored by a thermocouple 
ooth.contact temperature i s  measured with an optical  

T e s t  Procedure: Worm Gear Tester 

1. Clean one set of t e s t  gears (one worm gear and one worm wheel): 
' (a) wash i n  detergent; (b) r inse with acetone; and (c) dry with nitrogen. 

2. I n s t a l l  t e s t  gears i n  tester and connect drive motor and 
loading generator. 

3,  Lubricate the gears with 600 w. heavy-duty gear-box lube, 
start the drive motor, increase load u n t i l  input i s  0.28 h.p., and allow 
gears t o  run i n  for  30 min. 

4 .  Drain o i l  from gear box and mark gears for proper indexing. 
Remove gears from tes te r .  

5. G i r t  blast gears with air  ca r r i e r  t o  obtain 15-25 rms sur- 
face finish.  Clean gears by: (a) detergent scrub; (b) ultrasonic cleaning 
with detergent; (c) water rinse; (d) acetone rinse,  (e) vapor degreasing 
with Freon solvent; and (f)  dry with nitrogen. 

6. 

7. 

Apply dry film lubricant and cure. 

I n s t a l l  gears in  tester with index marks aligned and connect 
drive motor and loading generator. 

8. S t a r t  drive motor and run-in gears for  10 min. a t  no load 
while loose MoS2 worm gear. 
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9, Increase load t o  require  0.1 h.p, input. Record input and 
output torques. 
load. A l l o w  un i t  t o  operate l m i n ,  a t  each load level.. 

Repeat i n  0.1 hap. s teps  up t o  0,6 h,p. and back t o  no 

10. Adjust load t o  require  0,28 h.p. input and record output 
torque. 
severe f luctuat ions (f 50% of average) occur i n  output torque. 

A l l o w  test  t o  run u n t i l  output torque increases 25% or u n t i l  
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I. INTRODUCTION 

I n  the  design and maintenance of mechanical systems, l ub r i ca t ion  
i s  as important as bearing loads, speeds of r o t a t i o n ,  torque and service- 
a b i l i t y .  Lubrication i s  not an  exact science, bu t  r a t h e r  a technology that 
has been developed through service experience. Consequently, l i t t l e  e f f o r t  
has been made t o  systematically arrange the physical,  chemical and use proper- 
t ies  of l i q u i d  lub r i can t s  such t h a t  designers,  maintenance workers and o thers  
can conveniently obtain the  information needed f o r  t h e i r  work. The i n t e n t  of 
Pa r t  B of t h i s  handbook is  t o  provide information on l i qu id  lubr icants  t h a t  
w i l l  be he lp fu l  i n  s e l ec t ing  a s u i t a b l e  lub r i can t  f o r  various appl ica t ions ,  

The material i n  t h i s  handbook is  intended as a general  a i d  t o  the 
designers of spacecraf t  and ground support equipment. This book i s  not  in- 
tended t o  supplant o ther  publications o r  expert  opinion on such spec ia l  
problems as corrosion pro tec t ion ,  LOX and f u e l  compatibil i ty,  o r  compatibil i ty 
of lubr icants  with various elastomers and p l a s t i c s .  

Users of t he  information presented are urged t o  contac t  the  Mate- 
r ia ls  Division of the  Propulsion and Vehicle Engineering Laboratory, Marshall 
Space F l i g h t  Center, f o r  a i d  i n  se l ec t ing  l i qu id  lubr icants  f o r  special 
appl ica t ions .  

A. Description of Handbook 

The handbook i s  divided i n t o  four separa te  sec t ions :  ( I )  Introduc- 
t ion ;  (11) habricant Descriptions; (111) Lubricant Data Sheets , and (IV) 
Appendix. 

Section I, t h e  introduction includes t h e  cross index, lubr icant  
appl ica t ions  guide and a descr ip t ion  of how to  u s e  the  handbook. 
mentioned cross index has been devised t o  a i d  t h e  reader i n  matching t r ade  
names t o  m i l i t a r y  spec i f ica t ions .  This index i s  comprised of two separa te  
pa r t s .  
t i o n s  i n  t h e  areas of o i l s ,  greases, hydraulic f l u i d s  and compounds. The 
second i s  a numerical l i s t i n g  by m i l i t a r y  spec i f ica t ions .  

The above 

The f i r s t p a r t  i s  arranged a lphabet ica l ly  by manufacturer's designa- 

Section 11, lubr icant  descr ip t ions ,  contains wr i t t en  descr ip t ions  
of spec i f i ca t ion  materials l i s t e d  i n  t h e  document in  ascending numerical 
order i n  t h e  ca tegor ies  of o i l s ,  greases, hydraulic f l u i d s  and compounds. 

Section 111, lubr icant  d a t a  shee ts ,  i s  comprised of da ta  shee ts  
covering physical and chemical p rope r t i e s  f o r  a l l  of the  materials l i s t e d .  
I n  addition, t he re  are several pages giving spec ia l  uses of f l u i d s  and typ i -  
cal v i s c o s i t y  versus temperature curves f o r  a v a r i e t y  of f l u i d  materials. 

Section I V ,  t h e  Appendix, contains a glossary of terms used i n  
lub r i ca t ion  as w e l l  as b r i e f  descr ip t ions  of test methods used t o  determine 
physical and chemical proper t ies  of both grease and o i l  lubricants.  
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CrnPOUNDS 

Commercial Designation* 

Braycote 202 

Braycote 236 

Braycote 655 

Cosmoline 1060 

DAG 217 

Dow Corning 4 Compound 

Esso Aviat ion Anti-Seize 
Compound 1 

Frankl in  H-2, H-10 

Humble 4024 Rust 
Prevent ive 

Insu 1 -Grease G-6 24 

Kendex 7010 

Nox-Rus t 507 

Parmo 70 

P e t r o t e c t  P-50 

Rectorsea l  No. 15 

Royco I R  

Royco 44 

Tecty l  435 

Union Carbide Y2900 

If Qual i f ied Sec t ion  B I I I  

MIL-C- 11796 116 

W-P-236 113 

MIL-T-5544 115 

MIL-C- 11796 116 

MIL-T-5542 114 

MIL-S-8660 117- 118 

MIL-T-5544 115 

MIL-C-11796 116 

MIL-(2-11796 116 

MIL-S-8660 117-118 

MIL-C-11796 116 

MIL-C-11796 116 

W- P- 23 6 113 

MIL-C- 11796 116 

MIL-T-5542 114 

W-P-236 113 

MIL-T-5544 115 

MIL-C-11796 116 

MIL- S-8660 117-118 

B I - 1 3  



NONS PEC IFICATION FLUIDS 

Trade Name or 
Commercial Designation* 

Anderol L-826 

Apiezon Fluids 
Brayco 707 

Ball Brothers Vac Kote 
36218, 36233, 36234 

Brayco NPT 5, 830 

Daw Corning FS-1281 

Daw Corning Silicones 

Du Pont PR-143 

Freon El, E2, E3, 
E4, E5 

G. E. Silicone Fluids 
(Viscasil) 

Royco No. 2 

Stauffer 3664 

Jc Caution, trade names 

Specification No. Data Sheet Page No. 
If Qualified 

None 

None 
None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Section BIZ1 

67-68 

55 

58 

56 

67-68 

105 - 106 
13 5 

59 

63 

133-134 

73 

67-68 

and commercial designations may be obsolete. New 
qualified products lists were not available for this revision. 

BI- 14 



NONS PEC IF ICAT ION GREASES 

Trade Name or  Specif icat ion No. Data Sheet Page No. 
Commercial Designation* I f  Qualified 

Anderol L-758 

Anderol L-762 None 

Apiezon Greases None 

Braycote 617 None 

Dow Corning FS-1281 None 

None 

None 

Vac Kote 36209 

Micronic 803 

Specif icat ion No. Data Sheet Page No. 

Anderol L-758 

Anderol L-762 

Apiezon Greases 

Dow Corning FS-1281 

Vac Kote 36209 

Micronic 803 

Halocarbon Synthetic 
Greases None 107 

Krytox Greases None 111-112 

Jc Caution, t rade names and commercial designations may be obsolete. New 
qua l i f ied  products l i s t s  were not  ava i lab le  f o r  t h i s  revision. 

Section B I I I  

102 

103 

104 

10 1 

105-106 

109 

108 

107 

111-112 

Halocarbon Synthetic 
Greases None 

Krytox Greases None I 

Jc Caution, t rade names and commercial designations may be obsolete. New 
qua l i f ied  products l i s t s  were not  ava i lab le  f o r  t h i s  revision. 
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LUBRICATING OIL SPECIFICATIONS 

Page Numbers 

VV-L-800 

W-L-820 

VV-L- 825 

vv-L- 107 1 

MIL-L-2104 

MIL-L-2105 

MIL-L-3150 

MIL-L-3572 

MIL-L-3918 

MIL-L-6081 

MIL-L-6082 

MIL-L-6085 

MIL-L-6086 

MIL-L-7808 

MIL-L-7870 

MIL-L-9000 

L u b r i c a t i n g  O i l ,  Genera l  Purpose,  
P r e s e r v a t i v e I W a t e r  D i s p l a c i n g  
(Low Temperature) 

L u b r i c a t i n g  O i l ,  Genera l  Purpose ( l i g h t )  

L u b r i c a t i n g  O i l ,  R e f r i g e r a n t  Compressor 

L u b r i c a t i n g  O i l ,  Steam C y l i n d e r ,  Minera l  

L u b r i c a t i n g  O i l ,  I n t e r n a l  Combustion 
Engine (heavy d u t y )  

L u b r i c a t i n g  O i l ,  Gear, Mul t ipurpose  

L u b r i c a t i n g  O i l ,  P r e s e r v a t i v e ,  Medium 

L u b r i c a n t ,  C o l l o i d a l  G r a p h i t e  i n  O i l  

L u b r i c a t i n g  O i l ,  Ins t rument ,  Jewel Bearing,  
Nonspreading, Low Temperature 

L u b r i c a t i n g  O i l ,  Je t  Engine 

L u b r i c a t i n g  O i l ,  A i r c r a f t  
R e c i p r o c a t i n g  Engine ( p i s t o n )  

L u b r i c a t i n g  O i l ,  Ins t rument ,  
A i r c r a f t ,  Low V o l a t i l i t y  

L u b r i c a t i n g  O i l ,  Gear Petroleum Base 

L u b r i c a t i n g  O i l ,  Aircraf t  Turbine Engine,  
S y n t h e t i c  Base 

L u b r i c a t i n g  O i l ,  Genera l  Purpose, Low 
Temperature 

L u b r i c a t i n g  O i l ,  I n t e r n a l  Combustion 
Engine,  Diesel 

S e c t i o n  
B I I  

1 

7 

1 

2 

2 

3 

3 

3 

4 

4 

5 

5 

6 

6 

Sect i o n  
B I I I  

1 

3 

4 

5 

11 

17 

18 

1 9  

2 1  

23 

25 

27 

7 29 

BI-17 



Page Numbers 
S e c t i o n  S e c t i o n  

B I I  B I I I  

MIL-L-9236 

MIL-L-10295 

MIL-L-10324 

MIL-L-11734 

MIL-0-11773 

MIL-L-14107 

MIL-L-15016 

MIL-L-15019 

MIL-L-17331 

MIL-L-17672 
, 

MIL-L-18486 

MIL-L-19701 

MIL-L-21260 

MIL-L-22851 

MIL-L-2369 9 

MIL-L-25336 

MIL-L-25681 

L u b r i c a t i n g  O i l ,  A i r c r a f t  Turb ine  
Engine 400°F 

L u b r i c a t i n g  O i l ,  I n t e r n a l  Combustion 
Engine,  Sub-zero 

L u b r i c a t i n g  O i l ,  Gear, Sub-Zero 

L u b r i c a t i n g  O i l ,  S y n t h e t i c  ( f o r  mechani- 
c a l  t i m e  f u s e s )  

O i l ,  L u b r i c a t i n g ,  S y n t h e t i c  ( f o r  i m -  
p r e g n a t i n g  powdered m e t a l )  

L u b r i c a t i n g  O i l ,  Jet Engine 

L u b r i c a t i n g  O i l ,  Genera l  Purpose 

L u b r i c a t i n g  O i l ,  Compounded 

7 31 

8 32 

8 

9 

9 

9 

10 

10 

L u b r i c a t i n g  O i l ,  Steam Turbine  (noncorros ive)  11 

L u b r i c a t i n g  O i l ,  Hydraul ic  and L i g h t  Tur- 
b i n e  , Nonc o r r o s  ive 11 

L u b r i c a t i n g  O i l ,  Worm Gear 12 

L u b r i c a n t ,  All-Weather,  Semi-Fluid f o r  
Aircraf t  Ordnance 12 

L u b r i c a t i n g  O i l ,  I n t e r n a l  Combustion Engine, 
P r e s e r v a t i v e  

L u b r i c a t i n g  O i l ,  Aircraft P i s t o n  Engine 
(ashless d i s p e r s a n t )  

L u b r i c a t i n g  O i l ,  Aircraft  Turboprop and 
Turboshaf t  Engine,  S y n t h e t i c  Base 

L u b r i c a t i n g  O i l ,  A i r c r a f t  Turbine Engine,  
S y n t h e t i c  Base, High Film S t r e n g t h  

L u b r i c a t i n g  O i l ,  Molybdenum D i s u l f i d e  
S i l i c o n e  Base, High Temperature 

B I -  18 

13 

13 

14 

14 

15 

33 

34 

35 

39 

43 

46 

49 



MIL-L-26087 

MIL-L-27694 

MIL-L-45199 

MIL-L-46000 

MIL-L-46002 

MIL-L-46017 

MIL-L-83176 

MIL-L-83767 

MIL-F-25598 
( U S W  

L u b r i c a t i n g  O i l ,  R e c i p r o c a t i n g  Compressor, 
Ground Support  

L u b r i c a t i n g  O i l ,  Ins t rument  - -54°C t o  204'C 

Page Numbers 
S ec, t ion S e c t  ion 

B I I  B I I I  

L u b r i c a t i n g  O i l ,  I n t e r n a l  Combustion Engine 
(h igh  o u t p u t  d i e s e l )  

L u b r i c a t i n g  O i l ,  Semi-Fluid,  Automatic 
Weapon 

L u b r i c a t i n g  O i l ,  Contac t  and V o l a t i l e  
Corros ion  I n h i b i t e d  

L u b r i c a t i n g  O i l ,  Machine Tool  Sl ideways 

L u b r i c a n t ,  Ins t rument  Bearing,  Petroleum 
Base 

L u b r i c a t i n g  O i l ,  Vacuum Pump Mechanical 
E j e c t o r ,  D i f f u s i o n  E j e c t o r  

O i l ,  Hydraul ic  Missile, Petroleum Base 
(Nato Code: None) 

15 50 

16  

1 6  51 

17 

1 7  

17  

18 

19 

15 
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LUBRICATING GREASES SPECIFICATIONS 

Page Numbers 
S e c t i o n  S e c t i o n  

B I I  B I I I  

VV-G- 6328 Grease, I n d u s t r i a l ,  G e n e r a l  Purpose 1 9  

MIL-G-3545 Grease, Aircraf t ,  High Temperature  20 75 

MIL-G-4343 Grease, Pneumatic System 20 77 

MIL-G-6032 Grease, P lug  Valve, G a s o l i n e  and O i l  
R e s  i s  t a n t  2 1  79 

MIL-G-7187 Grease, G r a p h i t e ,  Aircraft  L u b r i c a n t  2 1  81 

MIL-G-10924 Grease, Automotive and A r t i l l e r y  2 1  82 

MIL-G-14931 Grease, S i l i c o n e  f o r  Use w i t h  Ammunition 22 

MIL-L-15719 L u b r i c a t i n g  Grease (h igh - t empera tu re )  
Electr ic  Motor, B a l l  and R o l l e r  B e a r i n g s  22 

MIL-G-18709 Grease, B a l l  and R o l l e r  Bea r ings  (Navy) 22 

MIL-G-21164 Grease, Molybdenum D i s u l f i d e  ( f o r  l o w  
and h i g h  t empera tu res )  23 

MIL-G-22615 Grease, L u b r i c a t i n g ,  For  Low and High 
Temperature  23 

MIL-G-23549 Grease, G e n e r a l  'Purpose 23 

MIL-G-23827 Grease, Aircraft  and Ins t rumen t ,  Gear and 
A c t u a t o r  Screw 24 

MIL-G-24139 Grease, Mul t ipu rpose ,  Q u i e t  S e r v i c e  24 

MIL-G-25013 Grease, Aircraft ,  B a l l  and R o l l e r  B e a r i n g  25 

MIL-G-25537 Grease, Aircraf t ,  H e l i c o p t e r  O s c i l l a t i n g  
Bea r ing  25  

MIL-G-25760 Grease, A i r c r a f t ,  B a l l  and Roller Bea r ing ,  
Wide Temperature Range 26 

83 

84 

85 

87 

89 

9 1  

93 

95 
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MIL-G-2 7549 

MIL-G-27617 

MIL-G-38220 

MIL-G-38277 

MIL-G-46003 

MIL-G-46006 

MIL-G-81322 

MIL-G-83261 

Grease, Aircraft ,  Heavy Load Carrying 

Grease, A i r c r a f t ,  Fuel and O i l  R e s i s t a n t  

Grease, A i r c r a f t  High Speed, B a l l  and 
R o l l e r  Bearing 

Grease, A i r c r a f t ,  High Speed B a l l  and 
Ro l l e r  Bearing, 316°C (600°F) 

Grease, R i f l e  

Grease, A i r c r a f t  

Grease, A i r c r a f t ,  General  Purpose Wide 
Temperature Range 

Page Numbers 
S e c t i o n  S e c t i o n  

B I I  B I I I  

26 94 

26 97 

27 

27 

28 

28 99 

28 100 

Grease,  A i r c r a f t ,  Extreme Pressure ,  Antiwear 29 

BI-21 



ANTISEIZE AND CORROSION COMPOUNDS SPECIFICATIONS 

Page Numbers 
S e c t i o n  S e c t i o n  

B I I  B I I I  

29 113 VV-P-236 P e t r o l a t u m ,  Technical 

TT-A-580 A n t i s e i z e  Compound, White Lead Base, 
G e n e r a l  Purpose 

MIL-A-907 A n t i s e i z e  Compound, High Temperature 
(Navy 1 

MIL-T-5542 Thread Compound, A n t i s e i z e  and S e a l i n g ,  
Oxygen 

MIL-T-5544 Thread Compound, A n t i s e i z e ,  Graphite- 
Petroleum 

MIL-C-5545 C o r r o s i o n  P r e v e n t i v e ,  A i r c r a f t  Engine,  
Heavy O i l  Type 

MIL-C-8188 C o r r o s i o n  P r e v e n t i v e  O i l ,  G a s  Turb ine  
Engine,  Aircraf t  S y n t h e t i c  Base 

MIL-S-8660 S i l i c o n e  Compound 

MIL-C-11796 C o r r o s i o n  P r e v e n t i v e ,  P e t r o l a t u m ,  Hot 
Ap p 1 i c  a t i o n  

MIL-C-16173 C o r r o s i o n  P r e v e n t i v e  Compound, S o l v e n t  
Cutback, Cold A p p l i c a t i o n  

29 

30 

30 114 

115 

30 

31 

3 1  117 

32 116 

32 
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HYDRAULIC AND DAMPING FLUID SPECIFICATIONS 

Page Numbers 
Section Section 
BII BIII 

W-B-680 Brake Fluid, Automotive 33 

W-D-001078 Damping Fluid, Silicone Base, Dimethyl 
Polysiloxane 33 

MIL-H-5606 Hydraulic Fluid, Petroleum, Base, Aircraft, 
Missile and Ordnance 34 119 

MIL-H-6083 Hydraulic Fluid, Petroleum Base for 
Preservation and Testing 35 121 

MIL-H-8446 Hydraulic Fluid, Nonpetroleum Base, 
Aircraft 35 

MIS-10137 Hydraulic Fluid, Petroleum Base, Inter- 
mediate Viscosity 36 

MIS - 10150 Hydraulic Fluid, Petroleum Base, Low 
Temperature Corrosion Preventing 36 

MIL-H-13866 Hydraulic Fluid, Petroleum Base, Artil- 
lery Recoil, Special 37 

MIL-H-13910 Hydraulic Fluid, Polar Type Automotive 
Brake, All-Weather 37 

MIL-F-17111 Fluid, Power Transmission 37 

MIL-H-19457 Hydraulic Fluid, Fire Resistant 38 

MIL-H-27601 Hydraulic Fluid, Petroleum Base, High 
Temperature, Flight Vehicle 39 123 

MIL-H-46001 Hydraulic Fluid, Petroleum Base, for Ma- 
chine Tools 39 

MIL-H-46004 Hydraulic Fluid, Petroleum Base, Missile 40 125 

MIL-S-46013 Silicone Fluid, Shock Absorber, Arctic 40 
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Page Numbers 
S e c t i o n  S e c t i o n  

B I I  B I I I  

MIL-P-46046 P r e s e r v a t i v e  F l u i d ,  Automotive Brake 
System and Components 41 

MIL-H-81019 Hydraul ic  F l u i d ,  Petroleum Base, Ultra- 
l o w  Temperature 41 

MIL-S-81087 S i l i c o n e  F l u i d ,  Chlor ina tgd  Phenyl  Methyl 
P o l y s i l o x a n e  42 

MIL-H-83282 Hydraul ic  F l u i d ,  F i r e  R e s i s t a n t ,  S y n t h e t i c  
Hydrocarbon Base, Aircraft  42 

MIL-H-83306 Hydraul ic  F l u i d ,  F i r e  R e s i s t a n t ,  Phosphate  
Ester Base, Aircraf t  43 
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LUBRICATING O I L S  

Spec. o r  Name 

' ropert ies  and Uses 

rluid Type 
Tluid Propert ies  

Foam-Resis t a n t  
Wear-Resis t a n t  (E. P. ) 
Corrosion Inhib i t ing  
Oxidation-Resis t a n t  
Water-Resistant 
Detergent Containing 
Good Storage S t a b i l i t y  
Usable Temperature Range 

Low, vC (OF) 
High, 'C (OF) 

Flash Point, "C (OF) 
Compatibility with: 

Rubber 
J e t  Fuel 
Rocket Fuel, Liquid 
Rocket Fuel, Sol id  
"LOX" 
Other Fluids  

Uses 
Senera1 Purpose 
Bearings : 

I m  Speed 
High Speed 
Journal 
S l id ing  Surfaces 
Ball 
Rol ler  
Instrument 
Sintered 

Gears : 
Planetary 
Spur 
Worm 
Heavy Duty 
Light Duty 

Compressors : 
Rcc iproca t i n g  
Rotary 

Engines : 
I n t e r .  Comb. 
Aircraf t ,  Reciprocating 
Aircraf t ,  .Jet 

E l e c t r i c a l  Equipment 
High Speed Equipment 
Low Speed Equipment 
Fluid Couplings 
Torque Converters 
Heat Transfer 

NOTES : 

w- L- 
800 

Petroleum 

X 

X 

X 

-40 (-40) 
93 (200) 
135 (275) 

X 

X 

X 

X 
X 

x 

W-L- 
825 

Petroleum 

X 

X 

X 

-37 (-35) 
218 (425) 
232 (450) 

X 

X 
X 

Four o i l  
types. 

MIL-L- 
2 104 

Petroleum 

X 
X 
X 
X 

X 
X 

-23 (-10) 
82 (180) 
204 (400) 

X 

X 

X 
X 
X 
X 

X 

X 
X 

Three o i l  
grades. 

MIL-L- 
2105 

Pe troleun 

X 
X 
X 
X 

X 

-34 (-30) 
82 (180) 
191 (375: 

X 

X 

X 
X 
X 
X 

X 
x 
X 
X 

X 
X 

Three o i  
grades 

MIL-L- 
3918 

Synthetic 

X 
X 

-40 (-40) 
121 (250) 
149 (300) 

For use 
with 
j ewc 1 
hearings. 

MIL-L- 
6081 

Petroleum 

X 
X 

-54 (-65) 
107 (225) 
107 (225) 

X 

X 
X 
X 
X 
X 
X 

X 

X 
X 

Can be 
used as 
hyd . 
o i l .  

MIL-L- 
6082 

Petroleum 

X 

X 

-18 (0 )  
177 (350) 
216 (420) 

X 

X 
X 
X 
X 
X 

X 

X 
X 

Nonaddi t ivc 
o i l  two 
grades. 
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LUBRICATING O I L S  

Spec. o r  Name 

' ropert ies  and Uses 

tluid Type 

pluid Propert ies  
Foam-Res i s  tant 
Wear-Resistant (E.P.) 
Corrosion Inhib i t ing  
Oxidation-Resistant 
Water-Resistant 
Detergent Containing 
Good Storage S t a b i l i t y  
Usable Temperature Range 

Low, O C  (OF) 
High, 'C (OF) 

Flash Point, 'C (OF) 

Rubber 
Jet Fuel 
Rocket Fuel, Liquid 
Rocket Fuel, Sol id  
" ~ X "  

Other Fluids 
Jses 
:enera1 Purpose 
3earings : 

:ompa t i b  ili t y  with : 

Low Speed 
High Speed 
Journal 
S l id ing  Surfaces 
Ball 
Rol ler  
Instrument 
Sintered 

Xars : 
Planetary 
Spur 
WOnIi  

Heavy Duty 
Light Duty 

:omprcssors: 
Reciprocating 
Rotary 

Engines : 
In te r .  Comb. 
Aircraf t ,  Reciprocating 
Aircraf t ,  Jet 

Elec t r ica l  Equipment 
High Speed Equipment 
Low Speed Equipment 
Fluid Couplings 
Torque Converters 
Heat Transfer 
~ 

NOTES : 
11 Diester  o i l .  - 

MIL-L- 
6085 

Syn- 
the  t i c l l  

X 
X 

X 

-57 (-70) 
121 (250) 
185 (365) 

X-Syn. 

X 

X 
X 

X 
X 
X 

X 
X 

Squir t  
can type 
appl ica-  
t ions.  

MIL-L- 
6086 

Petroleum 

X 
X 
X 
X 
X 

X' 

-40 (-40) 
121 (250) 
154 (310) 

X 

X 
X 
X 
X 
X 
x 

X 
X 

X 

Reduction 
gear boxe: 
two grade: 

{IL-L- 
7808 

n e t  ic&l 
Y n- 

X 
X 
X 
X 

54 (-65) 
49 (300) 
04 (400) 

X- Syn . 

X 
X 
X 
X 
X 
X 

X 

X 

X 
X 
X 
X 

MIL-L- 
7870 

Petroleum 

._ ". 

X 
X 
X 

-54 (-65) 
7 1  (160) 
129 (265) 

X 

X 

X 

X 
X 
X 
X 
X 
X 

X 

Squi r t  
can type 
applica- 
t ions  see 
VV-L-800. 

MIL-L- 
9000 

Petrolem 

X 
X 
X 
X 

X 
X 

-29 (-20) 
204 (400) 

X 

X 
X 
X 
X 
X 
X 

Diesel 

MIL-L- 
9236 

Syn- 
t h e t i d l  

X 
X 
X 
X 

-40 (-40) 
204 (4001 

X-Syn, 

X 
X 
X 
X 
X 
X 

X 

X 
X 

X 

X 
X 

MIL-O- 
11773 

Synthetic 

X 
X 

-54 (-65) 
121 (250) 

X 

X 

X 

X 

I 
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Spec. o f  !?me 

k o p e r t i e s  and Uses 
' h i d  Type 

h i d  Propert ies  
Foam-Resis t a n t  
Wear-Res is t a n t  (E. P. 1 
Corrosion Inhib i t ing  
Oxidation-Resistant 
Water-Res is tant 
Detergent Containing 
Good Storage S t a b i l i t y  
Usable Temperature Range 

Low, 'C (OF) 
High, O C  (OF) 

Flash Point, O C  (OF) 
Compatibility w i t h :  

Rubber 
J e t  Fuel 
Rocket Fuel, Liquid 
Rocket Fuel, Sol id  
'~LOX" 
Other Fluids  

Jses 
k n e r a l  Purpose 
3earings : 

Low Speed 
High Speed 
Journal 
S l id ing  Surfaces 
B a l l  
Rol ler  
Ins  t r m e n t  
Sirrtered 

kars : 
Planetary 
Spur 
worm 
Heavy Duty 
Light Duty 

:ompressors 
Reciprocating 
Rotary 

'ngines : 
In te r .  Comb. 
Aircraf t ,  Reciprocating 
Aircraf t ,  J e t  

' l e c t r i c a l  Equipment 
rig5 Speed Equipment 
Low Speed Equipment 
7luid Couplings 
Corque Converters 
Zeat Transfer 

qoms : 
l-1 Used i n  wick feed 

lubricat ion.  
?I Diester  o i l .  

- 
NIL-L- 
15016 

Pe tro lem 
- 

X 

X 

X 

-23 (-10) 
266 (510) 

X 

X 

X 

X 
X 
X 

X 

LUBRIt - 
M I L - L  
€5019Ll 

Petroleum 
- 

X 

X 

X 

-23 (-10) 
177 (350) 

X 

X 

X 

X 
X 
X 

X 

X 

X 

Contains 
B f a t t y  
m i d  ad- 
ditive. 

L'ING OILS 

MIL-L- 
21260 

htroleum 
- 

X 

X 
X 

( 

-29 (-20) 
182 (360) 
182 (360) 

X 

X 
X 
X 
X 
X 
X 

X 

X 

X 
X 

Preserva- 
tive type 
311, 

- 
nIL-L- 
22851 - 
'etrolerrm 

X 

X 

X 

.18 (0) 
!04 (400) 
!16 (420) 

X 

X 
X 
X 
X 
X 
X 

X 

X 
X 

Lshless 
mgine 
>il. 

- 
MIL-L- 
23699 

3yn- 
thet i& 

X 
X 
X 
X 

X 

-40 (-40) 
204 (400) 
232 (450) 

X-Syn. 

X 
X 
X 
X 
X 
X 

X 

X 
X 

X 

X 
X 

Improved 
diester 
syn. 

MIL-t 
25336 

S y n -  
thet &I 

X 
X 
X 

X 

-54 (-65) 
149 (300) 
204 (400) 

X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 

X 
X 

High load 
gear box 
o i l .  

MIL-L- 
25681 

J i l icone  

X 

X 

-43 (-45) 
260 (500) 
274 (525) 

X 

X 

X 
X 

S1 iding 
surfaces 

X 

Zontains 
IoS2 addi- 
tive. 
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LUBR EAT DIG OILS 

Spec. o r  Name 

' r o p e r t i e s  and Uses 

' l u i d  Type 

' l u i d  P r o p e r t i e s  
Foam-Resis t a n t  
Wrar -Res is tan t  (E. P.) 
Corros ion  I n h i b i t i n g  
Oxidat ion-Rrs  is t a n  t 
Water-Resis t a n t  
D e t r r g e n t  Conta in ing  
Good Storage  S t a b i l i t y  
Usable Temprrature  h n & e  

Low, "C (OF) 

High, "C (OF) 

F l a s h  Poin t ,  'C (OF) 

C o m p a t i b i l i t y  w i t h :  
Rubber 
J e t  Fuel 
Rocket F u r l ,  Liquid 
Rocket Fuel ,  S o l i d  
"LOX" 
Other F l u i d s  

uses : 
Gcnrra l  Purpos" 
Rparings : 
Low Speed 
High Speed 
J o u r n a l  
S l i d i n g  S u r f a c e s  
Ball 
R o l l e r  
Lns t r m e n t  
S i n t e r e d  

Gears : 
Plane tary  
Spur 
EI0m 
Heavy Duty 
Light  Duty 

Compressors : 
Reciproca t ing  
Rotary 

Engines : 
I n t e r .  Cmb.  
A i r c r a f t ,  Rec iproca t ing  
A i r c r a f t ,  J e t  

Clectrical Equipment 
High Speed Equipment 
Low Speed Equipment 
F l u i d  Couplings 
Toraile Conver te rs  
Heat T r a n s f e r  

NOTES : 

M I L L -  
26087 

P e t r o  Irum 

X 

X 
X 

X 

-18 (9) 
93 (200)  
ma (370) 

X 

X 

X 
X 

X 

z x  + 

F' 

MIL-L- 
27694 

iyntlie t i  

X 
X 

X 

.54 ( -6 '  
tot+ (40( 
!GO (SO( 

X-Syr 

Y 

x 

X 
X 
X 

S q u i r t  
3 an 
t Y  P C  
o i l .  

MIL-L- 
45199 

Syn. o r  
rc- t . 

X 
X 

X 

X 

-39 (-20) 
182 (360) 
182 (360) 

X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

U i r s e l  

X 
X 

Andrrol  
L-826 

Synthe t ic  

X 
X 
X 
X 

X 

-m (-40) 
I60 (500) 
260 (500) 

X 

Y 
x 
X 
X 
X 
X 
X 

x \  7 

X 

x 
X 

X 
X 

-- 
Also u s r d  
as hyd. 
f l u i d .  

J i &  TemC 
Rrayc o 
NPT 5 & 

a30 
jyn t h e t i c  

X 

X 

-34 (-30) 
260 (500) 
160 (500) 

X 

X 
X 
X 
X 
X 
X 

X 
X 

X 
X 

x 

Esscr 

g e a r ,  
box o i l .  

has, ,  

a t u r e  Oi l  

S t a u f  fe r  
3664 

Synthe t ic  

X 
X 
X 
X 

-37 (-35) 
260 (500) 
260 (500) 

X 

X 
X 
X 
X 

X 
X 

X 
X 

X 

X 

X 
X 

Polycs te i  
base  
t u r b i n e  
o i l .  

Du Pont  
PR- 143 

S y n t h e t i c  

X 

-46 (-50) 
371 (700) 
732 (1350) 

X 

X 
X 
X 
X 
X 
X 

X 
X 

X 

X 
X 

Hyd. f l u i c  
o r  tu rb inc  
enginc  
o i l .  
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LUBRICATING OILS 

Spec. or Name 

Properties and Uses 

? h i d  Type 
Fluid P r o p e r t i e s  

Foam-Resis t a n t  
Wear-Resistant (E.P.) 
Corrosion I n h i b i t i n g  
Oxidation-Resistant 
Water-Resistant 
Detergent Containing 
Good Storage S t a b i l i t y  
Usable Temperature Range 

Low, 'C (OF) 
High, O C  (OF) 

F lash  Poin t ,  "C (OF) 
Compatibil i ty w i t h  : 

Rubber 
Jet Fuel. 
Rocket Fuel,  Liquid 
Rocket Fuel,  S o l i d  
"LOX" 
Other F lu ids  

Uses : 
General Purpose 
Bearings : 
Low Speed 
High Speed 
Journa l  
S l i d i n g  Surfaces 
Ball 
Rol le r  
Instrument 
S in te red  

Gears : 
Planetary 
Spur 
Worm 
Heavy Duty 
Light Duty 

Compressors: 
Reciprocating 
Rotary 

Engines : 
I n t e r .  Comb. 
A i r c r a f t ,  Reciprocating 
A i r c r a f t ,  Jet 

Electrical Equipment 
High Speed Equipment 
Low Speed Equipment 
F l u i d  Couplings 
Torque Converters 
Heat Transfer 

NOTES: 

Elec. EI 
Brayco 

707 

Petroleum 

X 
X 

X 

-54 (-65) 
121 (250) 
135 (275) 

.pment 
Brayco 

Synthetic 

810-13 

. x  
X 

X 

X 

-48 (-55) 
316 (600) 

None 

X 
X 
X 

X 

X 
X 
X 
X 

X 
X 

X 
X 

X 

X 

X 

lac. Pump 

Aviezon 
Oil 

3ynthe t i c  

X 

X 
X 

X 

-15 (5) 
210 (410) 
246 (475) 

X 

\ 

X 

X 

X 
X 

For 
s e a l e d  
s y s  terns. 

U s e  i 
Vac Kote 

Synthetic 

X 
X 
X 

X 

X 

-48 (-55) 
121 (250) 
288 (550) 

X 

X 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 

For 
vacuum 
and 
space. 

Vacuum 
Apiezon 

synthe t ic  

X 

. x  

-1 (30) 
X 

310 (590) 

O i l  f o r  
gland 
seals, 
e tc .  

Liqui 
Krytox 
143 

jynthe t i c  

X 

X 

-57 (-70) 
!60 (500) 

None 

X 
X 

X 
X 

X 

X 
X 

X 

X 
X 

X 

X 
X 

Not f o r  
41 o r  
Yg p a r t s ,  

Oxygen C a  
Vac Kote 
36218 

Synthe t ic  

X 
X 
X 

X 

X 

-40 (-40) 
232 (450) 
260 (500) 

X 

X 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 

For 
vacuum 
and space 

t t i b l e  

Ialocarbon 

'luorocarbor 

X 
X 
X 
X 

X 

-96 (-140) 
!04 (400) 

None 

X 

X 

X 

X 

X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 

X 

X 
X 
X 
X 
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LUBRICATING OIL 

Spec. o r  Name 

Prope r t i e s  and Uses 
Fluid Type 

Fluid P rope r t i e s  
Foam-Resistant 
Wear-Rests t a n t  (E. P. ) 
Corrosion I n h i b i t i n g  
Oxidat ion-Res is t a n t  
Water-Resistant 
Detergent Containing 
Good Storage S t a b i l i t y  
Usable Temperature Range 

I.ow, O C  (OF) 
High, O C  (OF) 

Flash  Point ,  O C  (OF) 
Compatibi l i ty  w i th  : 

Rubber 
J c t  Fuel 
Rocket Fuel,  Liquid 
Kocket Fuel ,  Sol id  
"LOX" 
Other Fluids  

Uses : 
Gencral Purpose 
Bearings : 

Lcw Speed 
High Speed 
Journal  
S l id ing  Surfaces 
BRI I 
Roller  
7ns trument 
S in t e red  

Gears : 
I'lanc tary 
Spur  
1,Jwz 
Ikav? Duty 
Lip,i i t  Duty 

Conpressors : 
Feciprocat ing 
Rotary 

En.7iiws : 
hter. Comb. 
Ai rLra f t ,  Reciprocating 
i i i r c  ra i t  , Jet: 

E l e c t r j c ~ l  Equipmept 
fii-gi, Speed Equiptent 
LOW Sp:?ed Equipment 
Fluid Coupl.ir.gs 
Torquc Converters 
Heat ?ram f e r  

Heavy Duty 
Brayco 

450 
Petroleum 

X 
X 
X 

X 

-43 (-45) 
166 (330) 
166 (330) 

X 

X 
X 
X 
X 

X 

X 
X 

X 
X 
X 
X 

LOW 
v i scos i ty .  

Low Ten11 
Halocarbon 

Fluids  
Fluoro- 
carbon 

X 
X 
X 
X 

X 

-79 (-110) 
260 (500) 

None 

X 

x 

X 

s 

X 
X 
X 
X 
X 

I( 

x 
X 
X 

X 
X 

X 

x 
X 
X 
X 

Cfiod lub. 
n o t  f o r  
8 1  o r  Mg 
pa r t s .  

:ature 
Fomblin 

Y 
Fluoro- 
carbon 

X 
X 
X 
X 

X 

-73 (-100) 
260 (500) 

None 

X 

x 
X 

x 

X 
X 
X 
X 
x 

X 
X 
X 
X 

X 
X 

X 

X 
X 
s 
x 

- 
Not for  
A 1  or  Mg 
par Ls . 

-- 

Low 
V o l a t i l i t y  

Du Pont 
Freon 

Fluoro- 
carbon 

X 
X 

-71 (-95) 
204 (400) 

None 

X 

X 

X 
X 
X 
x 
X 

X 

X 

Includes 
many 
Cluids. 

In s  trum 

SRG 
Mineral  

Kendall 

X 

X 

X 

-26 (-15) 
260 (500) 
288 (550) 

X 
X 
X 

X 

X 
X 

Four 
grades 
of gyro 
o i l .  

t O i l s  
Royco 
No. 2 

Synthet ic  

X 

X 

-62 (-80) 

191 (375) 
210 (410) 

X 
X 
X 

x 

X 
X 
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Spec. o r  Name 

ropert ies  and Uses 

ibr icant  Propert ies  : 
Base O i l  
Thickener 
Dropping Point, 

"C (OF) 
Usable Temp. Range 

Low, "C (OF) 
High, O C  (OF) 

Wear-Resis tant (E. P. ) 
Corrosion-Inhibiting 
Oxidation-Resistant 
Water-Resistant 

Good Storage S t a b i l i t y  
Compatibility with:  

Rubber & Neoprene 
Paint  & Lacquers 
P l a s t i c s  
J e t  Fuel & Gasoline 
Solvents 
Acids 
Rocket Fuels, Liquid 
Rocket Fuels, Solids 
"LOX" 
Nitrogen Tetroxide 

Impact Compatibility 
"LOX" ( M A )  
Nitrogen Tetroxide 

ses  : 
General Purpose 
E l e c t r i c a l  Equipment 
Ai rcraf t  
Instrument 
Bal l  o r  Rol ler  Bearings 

Low Speed 
Medium Speed 
High Speed 

Plain Bearings 
Sl iding Surfaces 
Gears : 

Spur 
worm 
Planetary 

oms : 

M I L - G  
3545 

' e t ro lem 
lonsoap 

.77 (350) 

*40 (-40) 
.49 (300) 

X 
X 
X 
X 

X 
X 
X 

-. 

X 
X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 

LUBRl 

M I L - G  
4343 

S i  1 i c  one 
X 

163 (325: 

-54 (-65: 
93 (200) 

X 
X 
X 
X 

X 
X 
X 

X 
X 

X 
x ,  

ATING GREA 

MIL-G- 
6032 

No L i m i t  
X 

127 (260) 

-29 (-20) 
149 (300) 

X 
X 
X 
X 

X 
X 
X 
X 
X 

X 

X 

X 
X 

S 

MIL-G- 
7187 

Petroleum 
Soap 

149 (300) 

-40 (-40) 
71 (160) 

X 

X 
X 
X 

X 
X 

X 

X 
X 

X 
X 

MIL-G-  
10924 

Pet/ Syn. 
X 

-54 (-65) 
79 (175) 

MIL-L- 
15719 

Si l icone  
Lith. -SoaI 

191 (375) 

-18 (0) 
149 (300) 

X 
X 
x .  

.I) x. : 

X 
X 

X 
X 
X 
X 
No 
NO 

NO 

No 
No 

k 
w .  

VI 
W M  

r n k  
& I d  
M W  

2 .a 

ii: k 
2 2  
2 2  

n 

W k  

8 3  
UaJ 

S A  MI-! 
4 m 
X P  

MIL-G-  
18709 

'etrclleum 
x 

.49 (300) 

1 (32) 
.07 (225) 

X 

X 

X 
X 
X 

X 
X 

X 
X 
X 

X 
X 
X 
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LUBRICATING GREASES 

Spec. or  Name 

?ropert ies  and Uses 

Lubricant Propert ies :  
Base O i l  
Thickener 
Dropping Point, 

O C  (OF) 
Usable Temp. Range 

Low, O C  (OF) 
High, "C (OF) 

Wear-Resis t a n t  (E. P.) 
Corrosion Inhib i t ing  
Oxidation-Resistant 
Wear-Resistant 

Good Storage S t a b i l i t y  
Compatibility with: 

Rubber & Neoprene 
Paint & Lacquers 
P l a s t i c s  
J e t  Fuel & Gasoline 
Solvents 
Acids 
Rocket Fuels, Liquid 
Rocket Fuels, Solids 
"LOX" 
Nitrogen Tetroxide 

Impact Compatibility 
(AMBA) 
"LOX" 
Nitrogen Tetroxide 

Uses : 
Ceneral Purpose 
E l e c t r i c a l  Equipment 
Ai rcraf t  
Instrument 
B a l l  o r  Roller Bearings 

Low Speed 
Medium Speed 
High Speed 

Plain Bearings 
S l id ing  Surfaces 
Gears : 

Spur 
worm 
Planetary 

NOTES : 

MIL-G- 
21164 

?e t  / Syn. 
X 

L63 (325) 

) (32)  
121 (250) 

X 
X 
X 
X 

X 

X 

X 
X 
X 

X 
X 

X 
X 

MIL-G- 
23549 

'etroleum 
lonsoap 

132 (450) 

.18 ( 0 )  

X 
X 
X 
X 
X 

X 
X 
X 

.77 (350) 

X 

X 

X 
X 
X 

x 
x 

X 
X 

aJ 

;&I: 

% Z m  

m o l  m w u  
a -a a J c  

r i m r n  c & m  
M U  

N l d  
n a w  o m &  

2 * M'S 

z g 

J E m a  

MIL-G- 
23827 

3ynthe t i c  
x 

163 (325) 

-54 (-65) 
121 (250) 

X 
X 
X 
X 
X 

K 

X 
X 

X 
X 

BI-32 

MIL-G- 
25013 

!32 (450) 

-73 (-100) 
!32 (450) 

X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
x 

X 
X 
X 

MIL-G- 
25537 

'etroleum 
X 

.38 (280) 

.54 (-65) 
'1 (160) 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 

X 
X 
X 

A 

x 

X 
X 
X 

M I L - 0  
25760 

Pet /Syn. 
X 

260 (500) 

-54 (-65) 
177 (350) 

X 
X 
X 
X 
X 

X 

X 

X 
X 
X 
X 
x 
X 

MIL-G 
27549 

Nons oap 

232 (450) 

-54 (-65) 
218 (425) 

X 
X 
X 
X 
X 

X 
X 
X 

X 

X 

X 
X 
X 

X 
x 

X 
X 
X 

m rn 

2 
M 
U w .  a m  
& $ 4  
0 3  
Lcu 
*A ld 
l d $ 4  

? 8  
r l u  

s m  

z 5  
.y 3 

-_.-._-I_ 



Oxidation-Res is  tant 
Water-Res is  t a n t  

Good Storage S t a b i l i t y  
Compa t i b  il i t y with : 

Rubber & Neoprene 
Paint & Lacquers 
P l a s t i c s  
J e t  Fuel & Gasoline 

I 

MIL-G- 
46006 

Petroleum 

X 

177 (350) 

3 (32) 
135 (275) 

X 
X 
X 
x .  

X 
X 
X 

X 

X 

X 
X 
X 

X 
X 

X 
X 
X 

LUBRI 

MIL-G- 
81322 

Pet /Syn. 

X 

260 (500) 

-54 (-65) 
177 (350) 

X 
X 
X 
X 
X 

X 

X 

X 
X 
X 
X 
X 
X 

X 
X 
X 

I 
%I 

g C  

2 .: ld 
$ 8 ;  

4 *rl a 
r d U C  

M $  8 
4-l P% U t b  

ld . a , E  
%I M * r  
a m  r- 
ard - n :  coma 
a, %I M C  
U M C  

frl E 
ai a, % I -  

a a  c 
3 2 2 :  

TING GREASES 

Nonspc 
Braycote 
617 

Perfluoro- 
carbon 

WE 

X 
X 
X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 

X 
X 

X 

X 

X 
X 

DOW 

FS 1281 

'luoro- 
i 1 icone 
iilica 

60 (500) 

,62 (-80) 
!04 (400) 

X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X2b 

X 

X 

X 
X 

h U 
-6 
3 .d 
U 
.d 
u) 

8 

9 

B 

C 4 

U 

.d 
W 
.d 

.d 
m 

c 

i f ica t ion  4 
Apiezon 
Greases 

iynthe t i c  

Jonme l t i n g  

*10 (14) 
!40 (464) 

X 
X 
X 

X 
X 
X 

X 
X 

X 

X 

X 
X 

eases 
Anderol 

L-758 

Si l icone  

Nomelting 

260 (500) 

-29 (-20) 
343 (650) 

X* 
X 
X 
X 
X 

X 

X 
X 

Anderol 
6 7 6 2  

Synthetic 3 

Notmieltin( 

260 (500) 

-40 (-40) 
260 (500) 

X 
X 
X 
X 
X 

X 

X 
X 

X 
X 

X 



Spec. o r  Name 

P rope r t i e s  and Uses 

Lubricant P rope r t i e s :  
Base O i l  
Thickener 
Dropping Point ,  'C (OF) 

Usable Temperature Range 
Low, O C  (OF) 

High, 'C (OF) 

Wear-Resistant (E. P. ) 
Corrosion I n h i b i t i n g  
Oxidation-Resistant 
Water-Resistant 

I Good Storage S t a b i l i t y  
Compatibi l i ty  with:  

Rubber &Neoprene 
Pa in t  & Lacquers 
P l a s t i c s  
J e t  Fuel & Gasoline 
Solvents 
Acids 
Rocket Fuels,  Liquid 
Rocket Fuels ,  Sol ids  
"LOX 
Nitrogen Tetroxide 

"LOX 
Nitrogen Tetroxide 

Impact Compatibi l i ty  (ANBA) 

Uses : 
General Purpose 
E l e c t r i c a l  Equipment 
A i r c r a f t  
Instrument 
Ball or Rol ler  Bearings 

Low Speed 
Medium Speed 
High Speed 

P la in  Bearings 
S l id ing  Surfaces 
Gear: : 

Spur 

Planetary 
I worm I 
I 

LU 

Vac Kote 
36209 

Synthet ic  
Nonuielt 
204 (400) 

-b6 (-50) 
121 (250) 

X 
x .  
X 

X 

X 
X 

X 
X 
X 
X 

X 
X 

t 
nf 
4 
r( 

a a 

9 
F 
0 

'd 
d 4 

a, 
0 
nf a .  
u l u l  

d 
&a0 
0.4 
Giu 

.ICATING GREAS 

Micronic 
803 

Synthet ic  

253 (488) 

-23 (-10, 
260 (500) 

x 

X 

X 
X 

X 

X 

X 
'i 
X 

X 

X 
X 
X 

X 
X 

X 
Y 

Krytox 
Greases 

Synthet ic  
Vydax 

-34 (-30) 
288 (550) 

X 

X 
X 
X 

x 
X 

X 

X 

X 
.< 

Y 

X 
X 
X 
X 
X 

X 
X 

X 
X 
X 

Halocarbon 
Greases 

Synthet ic  
S i l .  & l / W a x  
149 (300) 

-40 (-40) 
260 (500) 

X 
X 
X 

X 

X 

x 

J 
X 

X 
X 
X 
X 

X 
X 

Y 
X 
X 
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Spec. or Name 

' rope r t i e s  and Uses 

u b r i c a n t  P rope r t i e s :  
Base O i l  
Thickener 
Dropping Point  

O C  ( O F )  
Usable Temperature Rangc 

Low, O C  ( O F )  

High, O C  ( O F )  

Wear-Resis t a n t  (E. P.) 
Corrosion I n h i b i t i n g  
Oxida t ion-Re s is  t a n t  
Water -Res is t a n t  

Good Storage S t a b i l i t y  
Compatibi l i ty  with:  

Rubber & Neoprene 
Pa in t  & Lacquers 
P l a s t i c s  
Jet Fuel  & Gasoline 
Solvents 

Rocket Fuels, Liqdid 
Rocket Fuels,  Solids  
"LOX" 
Nitrogen Tetroxide 

Impact Compatibi l i ty  
"LOX" (AMBA) 
Nitrogen Tetroxide 

h c i d s  f 

ises : 
General Purpose Lubricant 
E Lectr ical  Equipment 
A i r c r a f t  
Instrument 
B a l l  o r  Ro l l e r  Bearings 

Low Spwd 
Medium Speed 
High Speed 

Plain Bearings 
S l id ing  Surfaces  
Gears : 

Spur 
worm 
Planetary 

NOTES : 
I 11 Not s p e c i f i e d  - 
contains  no ma te r i a l  
inflammable w i t h  
oxygen a t  2,000 p s i  
(mineral ,  vegetable  
o r  animal oils). 

ANTISEIZE AND CORROSION PREVENTIVE CQ4POUNDS 

TT-4- 
580 

Pe t r o  1 cum 
White hac 

-40 (-40) 
177 (350) 

X 
X 
X 
X 

X 
X 
X 

No 

Antis 
MIL-T- 

5542 

- 11 
- 11 

*54 (-65) 
'1 (160) 

X 
X 

No 

ze Compouz 
MIL-T- 

5544 

Petroleum 
Graphite 

0 (32) 
538 (1000: 

X 
X 
X 

No 

NO 

I 

a) nl 
0. b0 
E: :I (11 r l  
u a  

z . .  

6% 

.: k 

3 2  
.2FI 

$2: 

*?-I a s a  
0 

0 $1 

-4.0 
U d  

a 

4 u 

u) 

% E  G 

w- P- 
236 

'e t r o  leum 

18 (100) 

-18 (0) 
18 (100) 

X 
X 
X 
X 

X 
X 
X 

X 
x 
x 
x 
X 
Y 

X 
X 

X 
X 
X 

MIL-S- 
8660 

Si l icone 

-54 (-65) 
204 (400) 

X 
X 
X 
X 

X 
X 
X 

X 

X 
X 
X 
X 
X 
X 

X 
X 

X 
X 

l 
a .A 

3 P 01 'd 

r l  5 
.2 g 
& .d u m  
0 0  m &  
-+%I m o  
a 
G U  
m u )  *d 
m m  * 

r l a l m  
* & ) . I  
a 1  
m - u  

4 J m  k!Eiz 
~ E E I  

-- 
Corrosion Pre- 

vent ive 

8188 
MIL-L- 

Diester 

-54 (-65 
149 (300 

x 
X 
X 
X 
X 

x-syn 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

* .  
$ 2  

5 m .  
$25 

g :  
29 

x &  

4 & 
U G  

a u  
C 

Id .rl 
V I &  

&Id 

04) w 
m .rl a.4 
u u r l  
I M U  

& o m  
r ( G  0 
o r n v  

iterials 
MIL-C- 

11796 

Petroleum 

135 (57) 

57 (135) 

X 
X 
X 
X 

X 
X 
X 
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HYDRAULIC AND SILICONE FLUIDS 
~~ 

Spec. o r  Name 

r o p e r t i e s  and Uses 

' lu id  Type 

' lu id  P rope r t i e s  
Foam-Res i s  t a n t  
Wear-Resistant (E. P. ) 
Corrosion I n h i b i t i n g  
Oxidation-Resistant 
Water-Res is t a n t  
Detergent Containing 
Good Storage S t a b i l i t y  
Usable Temperature Range 

Low, O C  (OF) 
High, 'C ('Fj 

Flash Point ,  O C  (OF) 
Compatibil i ty w i t h  : 

Rubber 
J e t  Fuel 
Rocket Fuel,  Liquid 
Rocket Fuel ,  So l id  
"LOX" 
Other Fluids  

k e s  : 
k n e r a l  IZlrpose 
bearings : 

Low Speed 
High Speed 
Journal  
S l i d i n g  Surfaces 
Ball 
Ro 1 l e r  
Instrument 
S in t e red  

kars : 
Planetary 
Spur 
worm 
Heavy Duty 
Lighc Duty 

:mpressors:  
Reciprocating 
Rotary 

:ngines : 
I n t e r .  Comb. 
A i r c r a f t ,  Reciprocating 
A i r c r a f t ,  Jet 

i l e c t r i c a l  Equipment 
Iigh Speed E q u i p e n t  
x)w Speed Equipmcnt 
' lu id  Couplings 
'or qu s Conve r tcr s 
kat  Transfer  

roms : 

MIL-H- 
5606 

Petroleum 

X 
X 
X 

X 

-54 (-65) 
135 (27S3 
93 (200) 

X 

X 

X 
X 
X 

X 
X 
X 

* Closed 
system. 

d 
6083 

'etroleum 

X 
X 
X 

X 

.54 (-65) 
13 (200) 
13 (200) 

X 

x 

x 
X 
X 

X 
X 
X 

?rcserva- 
live type 
iyd. 
f luid.  

u l i c  Fluic 
MIL-H- 
27601 

PetISyn. 
HYd . 

X 
X 
X 
X 

X 

-40 (-40) 
316 (6009 
182 (360)  

X 

X 

X 
X 
X 

X 
X 
X 

* Closed 
sys tem. 

MIL-H- 
46004 

Petroleum 
- 

X 
I! 
X 
X 

X 

-59 (-75) 
13 (ZOO) 
33 (200) 

MIL-H- 
81019 

Petroleum 

x 
X 
X 
X 

X 

-69 (-90) 
9 s  (?SO> 
93 (200) 

Eluid. f l u i d  . 

silicone - -  
001078 
:GSA-PSS) 

Xlicone 

X 

X 

X 

iee Sec. 
I, Item 
.1.2. 

Luids 

MIL-S- 
81087 

Si l icone 
- 

-73 (-1oc 
260(500) 

X 

X 

X 

X 
X 

X 
X 
X 

X 

X 

x 
X 
X 
X 

See Sec. 
11, Itcm 
4.1.18. 

I- 
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HMRAULIC AM 

Spec. o r  Name 

roper t ies  and Uses 

l u i d  Type 

lu id  Propert ies  
Foam-Resis t a n t  
Wear-Resistant (E.P.) 
Corrosion Inhib i t ing  
Oxidation-Resistant 
Water-Resis tant 
Detergent Containing 
Good Storage S t a b i l i t y  
Usable Temperature Range 

Law, ‘C (OF) 
High, O C  (OF) 

Flash Point, O C  (OF) 
Compatibility with : 

Rubber 

J e t  Fuel 
Rocket Fuel, Liquid 
Rocket Fuel, Sol id  
l l ~ ~ ”  

Other Fluids  
ises : 
k n e r a l  Purpose 
ear ings  : 
Low Speed 
High Speed 
Journal 
S l id ing  Surfaces 
B a l l  
Rol ler  
Instrument 
Sintered 

k a r s  : 
Planetary 
Spur 
Worm 
Heavy Duty 
Light Duty 

ompressors : 
Reciprocating 
Rotary 

:ngines : 
Inter .  Comb. 
Aircraf t ,  Reciprocating 
Aircraf t ,  Jet 

: l e c t r i c a l  Equipment 
Kgh Speed Equipment 
,ow Speed Equipment 
‘luid Couplings 
‘orque Converters 
[eat Transfer 

[oms : 

diliconc 
General 
Electric 

f l u i d s  
having 
wide 
range 
of 
prop- 
erties. 

H 
H 
H 

!3 
.rl 
U 
V 

m 
a, 
Q) 
rn 

’luids 
D W  

Corning 

Manr 
f lu ids  
having 
wide 
range 
of 
prop- 
e r t i e s  

H 
H 
H 

!3 
-I4 U 
U 

rn 
a, 
111 
m 

ILICONE FLUIDS 

Oronite 
M 2-v 
Silicate 
Ester 

X 
X 

X 

X 

-54 (-65) 
260 (500) 
216 (420) 

dRT-Elas- 
tmers 

X 
X 
X 
X 

X 
X 

X 
X 
X 

Hi 
Oronite 

70 

S i l i c a t e  
Ester 

X 
X 

X 

-54 (-65) 
332 (630) 
221 (430) 

X 
X 
X 
X 

X 
X 

X 
X 
X 

aul ic  Flui 
Oroni te 

S i l i c a t e  
Ester 

a200 

X 
X 

X 

X 

-54 (-65) 
204 (400) 
199 (390) 

WRT-Elas- 
tmers 

X 
X 
X 
X 

X 
X 

X 
X 
X 

r( a: 
I 1  
x m  I E :  

gg,. < g “ Z U  i 

3 2 E 8 :  
“4 - *  
k d  . w i  
w s m - d  

q - d u u q  

Royco 
745 

Petroleum 

X 
X 
X 
X 
x 

X 

-40 (-40) 

149 (300) 
X 

X 

X 

X 
X 

X 

X 
X 

X 
X 

X 
X 
X 

X 

0 

!? 

i s ;  
m .  

kIO 
m o a  
* w r l  .d 

m - E l  

Royco 

;yn the t i c  

a20 

x 
X 
X 
X 

X 

-73 (-100; 
L77 (350) 
2 6  (420) 

Limited 

X 

X 
X 

X 

X 
X 

X 
X 

X 
X 
X 

X 

Q) rl 
*I4 
I O .  
r n m  
d 

8 9  
g g  
F . l m  
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B I I  - LUBRICANT MATERIALS - GENERAL DESCRIPTION 

This sect ion contains a l i s t i n g  of a l l  lubricant  materials that 
have been selected fo r  inclusion i n  the handbook. In  addition, there are 
several other material l i s t i n g s  tha t  do not appear on data  sheets i n  Sec- 
t i o n  IV. It is  f e l t  t h a t  ce r t a in  of these may be of i n t e re s t ,  but spec i f ic  
data  could not  be obtained on them. 

The lubricants  included have been subdivided in to  two main classes; 
those conforming t o  mi l i t a ry  specif icat ions and nonspecification materials. 
Again, the two main classes have been subdivided in to  the general classes 
of o i l s ,  greases, hydraulic f lu ids  and compounds. 

The remainder of t h i s  sect ion contains an ascending numerical 
l i s t i n g  of lubricants by classes ,  along with general descriptions of t h e i r  
chemical nature,  l imitat ions and use areas.  
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1.0 DESCRIPTION OF SPECIFICATION LUBRICANT MATERIALS 

1.1 Lubricating Oils 

1.1.1 W-L-800A: Lubricating Oil, General Purpose, Preservative (Water- 
Displacing, Low Temperature) (Military Symbol PL-s, NATO Code: 
0-190) 

General characteristics: General purpose lubricating oil for 
protection of parts from corrosion and low temperature applications. Com- 
position. of oil is a petroleum fraction and additives, as required to meet 
specifications. 
7870. 

This oil is used in many applications in place of MIL-L- 

- Uses: General purpose preservative oil, intended for lubrication 
and protection against corrosion of small arms, automatic weapons, freeze 
mechanisms, squirt-can aircraft applications and whenever a general purpose, 
water-displacing, law temperature lubricating oil is required. Recormended 
usable temperature range, -40°C to 129°C (-40°F to 2OO0F), Usage belaw 
-40°C (-40°F) requires test application before adoption. 

Limitations: Should not be used on aircraft equipment such as 
guns where operations at -54°C (-65°F) is necessary. Do not use this oil 
in food-processing or food-handling equipment which may contact food. Do 
not store gas-pressurized can of this oil at temperatures above 84°C (120°F). 

1.1.2 W-L-825a(2): Lubricating Oil, Refrigerant Compressor (NATO Code: 
None) 

General characteristics: Refrigerant compressor lubricating oils 
consisting of well-refined petroleum oil base with additives to provide 
antifoam, pour point depressant, antioxidant, and viscosity improvers per- 
mitted. Available in four types. 

- Uses: For lubricating of compressor units in refrigeration equip- 
ment : 

Type I (NATO Code 0-282) - reciprocating-type compressor 
(sulfur dioxide) 
Type I1 (NATO Code 0-283) - reciprocating-type compressor 
(using Freon 12, methyl chloride, or ammonia). 
Type I11 (NATO Code 0-284) - two-stage rotary type compressors. 
Type IV (no NATO Code) - for use with Freon 22 type refrigerants. 

B I I -  1 



Limitations: Usable temperature range: 

Type I: -37°C t o  +149"C (-35°F t o  300°F). 
Type 11: -36°C t o  3-163°C (-32°F t o  3-325OF). 
Type 111: -18°C t o  +218"C (0°F t o  1425°F). 
Type I V :  -37°C t o  +149"C (-35°F t o  +300"F). 

1.1.3 W-L-1071: Lubricating O i l ,  Steam Cylinder, Mineral (NATO Code: 
Nom?) 

General c h a r a c t e r i s t i c s :  This spec i f i ca t ion  covers one type and 
two grades of mineral  o i l  s u i t a b l e  f o r  l ub r i ca t ing  steam cylinders.  Mate- 
r ial  s h a l l  conta in  no add i t ives  o ther  than pour point: depressants. 

- Uses: Mil i t a ry  symbol 5190 (NATO Code 0-258) lub r i ca t ing  o i l  
intended f o r  use i n  sa tura ted  and superheated steam systems. 

Mi l i t a ry  symbol 5230 (no NATO symbol) l ub r i ca t ing  o i l  i s  e s s e n t i a l  
t o  the  lub r i ca t ion  of uniflow steam engine cy l inders ,  

Limitations : Minimum pour point of both o i l s  i s  16°C (60°F). 
This spec i f i ca t ion  encompasses the  scope and incorporates the  requirements 
of W-0-611 and MIL-L-15018B. Mi l i t a ry  symbol 5190 o i l  replaces m i l i t a r y  
symbol 5150 o i l  included i n  MIL-L-15018B. 

1.1.4 MIL-L-2104B(d) : Lubricating O i l ,  I n t e rna l  Combustion Engine (Heavy 
Duty) (NATO Code: None) 

General c h a r a c t e r i s t i c s :  This spec i f i ca t ion  covers one type and 
th ree  v i s c o s i t y  grades (10, 30, and 50) of heavy-duty engine o i l  cons is t ing  
o f  a petroleum base compounded with func t iona l  add i t ive  mater ia l s  (detergents,  
d i spersants ,  oxidation, and corrosion i n h i b i t o r s ,  etc.)  necessary t o  m e e t  
spec i f i ca t ion  requirements. It s h a l l  no t  contain any re-refined components. 

- Uses: This l i qu id  is f o r  crankcase lub r i ca t ion  of rec iproca t ing  
i n t e r n a l  combustion engines of both spark-ignition and combustion-ignition 
types used i n  ground equipment of a l l  types and under a l l  conditions of 
s e rv i ce  when ambient temperatures are above -23°C (-10°F). 

Limitations: This l i qu id  i s  no t  recanmended f o r  gear box applica- 
t i ons  without p r i o r  performance evaluation, 
press ion- igni t ion  engines operating a t  output levels of 1.034 x lo6 N/m2 
(150 ps i )  brake mean e f f e c t i v e  pressure  o r  above, i t  may be necessary t o  
decrease o i l  d ra in  periods o r  change t o  o i l s  supplied under MIL-L-45199A 
and s p e c i f i c a l l y  intended f o r  t h i s  service.  This l i qu id  s h a l l  be compatible 

For highly supercharged com- 
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corrosion, load-carrying and extreme pressure cha rac t e r i s t i c s  as w e l l  as 
sa t i s fac tory  thennal-oxidation s t a b i l i t y .  
not specif ied,  but is  not reconmnended f o r  extremely low temperatures below 

Operating temperature range is  

-34OC (-30'F) 

- Uses: Gear lubricant  intended fo r  automatic gear un i t s ,  heavy- 
duty indus t r i a l  type inclosed gear un i t s ,  s teer ing  gears and f l u i d  lubri-  
cated universal  j o in t s  of automotive equipment (conditions of high speed 
and shock loading). 

Limitations: These o i l s  must not contain any re-refined components. 

1.1.6 MIL-L-3150B: Lubricating O i l ,  Preservative, Medium (Military Symbol 
PL-M (NATO Code: 0-192) 

General charac te r i s t ics :  Preservative lubricat ing o i l  consis t ing 
of a petroleum f rac t ion  containing addi t ives  necessary t o  m e e t  specif ica-  
t i o n  requirements. 

- U s e s :  Intended fo r  lubricat ion and protection against  corrosion 
of ferrous and nonferrous metals, i n t e r i o r  of gear assemblies, transmis- 
sions,  d i f f e ren t i a l s ,  etc. Not intended fo r  the protection of in te rna l  
combustion engines. 

: This lubricat ing o i l  should not be used i n  food- 
on surface contact food. 

O C  (-40OF t 
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- Uses: 

Grade B o i l  is  su i t ab le  fo r  gear t ra ins  of hot running torpedoes. 

Grade A o i l  is su i tab le  for  machine gun housing guides, 
windshield w i p e r s ,  and other l i gh t ly  loaded, s l i d ing  members exposed t o  
weather. 
Grade C o i l  i s  su i t ab le  fo r  the lubricat ion of medium o r  heavy-duty gun 
s l ides  without causing excessive resis tance t o  counter-recoil a t  ambient 
temperatures down t o  -23°C (-10°F). It should retain su f f i c i en t  lubricanting 
properties t o  permit f r ee  r eco i l  and counter-recoil  when the gun is  heated 
as a r e s u l t  of sustained f i r e .  

Limitations: It i s  not recommended for  use i n  e l e c t r i c a l  equip- 
ment o r  f o r  extremes of temperature. 

1.1.8 MIL-L-3918: Lubricating O i l ,  Instrument, J e w e l  Bearing, Nonspread- 
ing, Low Temperature (NATO Code: None) 

General charac te r i s t ics :  A nonpetroleum, special  purpose lubri-  
cant  consis t ing of a mixture of approximately 60% benzyl phenylundicarbonate, 
40% diethylene glycol di-n-caproate with s m a l l  amounts of dodecylpiperidine 
s t e r a t e  ( for  o i l iness )  and p-test-butyl catechol (antioxidant). Although 
usable temperature range is  not  specif ied,  t h i s  o i l  has good lubricat ing 
qua l i t i e s  a t  low t o  moderate temperatures. 

Uses: This o i l  i s  intended fo r  lubricat ion of s t e e l  pivot and 
jewel bearing combinations i n  timepieces and other f ine  instruments. It 
w i l l  allow operation of most instrument mechanisms a t  temperatures as low 
as -40°C (-40°F). 

Limitations: This o i l  should not be used on instrument-type b a l l  
bearings because of the nonspreading properties of the material. Al so  not 
recommended f o r  use a t  high temperatures above 121°C (250°F); nor on rough 
metal surfaces or  i n  an environment containing dust  or  other foreign m a t e -  
r i a l  tha t  would reduce i t s  nonspreading qua l i t i es .  

1.1.9 MIL-L-6081C(2) : Lubricating O i l ,  Jet  Engine 

O i l  Grade NATO Code 

1005 
10 10 

0- 132 
0- 133 

General charac te r i s t ics :  This specif icat ion covers two grades 
of j e t  engine lubricat ing o i l  consisting of a refined petroleum base and 
may contain oxidation inh ib i tors  and pour point depressant t o  m e e t  specifica- 
t i o n  requirements. Operating temperature range i s  not  specified but i s  
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usable as low as -40°C (-40°F) and -54°C (-65°F) depe 
of o i l .  

grade 

- Uses: This o i l  is  intended fo r  lub on of spec i f i c  models 
of a i r c r a f t  turbine engines. 

Limitations: This o i l  s h a l l  not be used i n  a i r c r a f t  turbine 
engines f o r  which other  lubricants are specified.  
any v iscos i ty  index improver. 

O i l  s h a l l  not contain 

1.1.10 MIL-L-6082D: Lubricating O i l ,  Ai rc raf t  Reciprocating Engine 
(Piston) (Grade 1068, NATO Code 0-113, and Grade 1100, NATO 
Code 0-117) 

General charac te r i s t ics :  Specification covers two grades of 
refined petroleum product t ha t  may contain a pour point,  bu t  no other 
additive.  

- Uses: Intended f o r  use i n  an a i r c r a f t  reciprocating engine and 
for  blending type IIa and type I I I a  o i l s  under MIL-L-22851. 

Limitations: Temperature range: Grade 1065, -18°C t o  +149"C 
(0°F t o  300°F); Grade 1100, -12'C t o  I-177"C (10°F t o  350°F). 

1.1.11 MIL-L-6085A(2): Lubricating O i l ,  Instrument, Aircraf t ,  Low 
Vola t i l i t y  (NATO Code : 0-147) 

General charac te r i s t ics :  This o i l  is a l o w  v o l a t i l i t y ,  non- 
petroleum base lubricat ing o i l  with wide temperature, corrosion and oxida- 
t i o n  properties.  Composition consis ts  of a synthet ic  base o i l  (carboxylic 
acid ester) with addi t ives  t o  impart oxidation s t a b i l i t y  and corrosion 
protection properties.  
provers. 
point of -57°C (-70°F) and a f lash  point of 185°C (365OF). 

It contains no pour point depressants o r  V I  im- 
The operating temperature range i s  not specified but  has a pour 

- Uses: Intended fo r  use i n  aircraft instruments, e lectronic  equip- 
ment, o r  where a low evaporation o i l  i s  required f o r  both high and low 
temperatures, and where oxidation and corrosion resistances are desired. 

Limitations: The finished f l u i d  must contain no resins ,  gums, 
idized hydrocarbons o r  other additives not  approved 

by the qualifying agency. Go lu id  must-h 
note tha t  t h i s  f l u id  may s o f t  lec- 
t r ical  insulat ing materials. 
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1.1.12 

L (  3 
M (medium) 0-155 

: 
ined mineral o i l  containing a su i t ab le  

load-carrying additive.  Operating temperature ranges are not specif ied 
but  these o i l s  have a pour point of -40°C t o  -29°C (-40°F t o  -20°F) and a 
f l a s h  point of +138"C t o  +154"C (+280"F t o  +310°F) depending upon the 
grades of o i l .  

This spec i f ica t ion  covers two grades of 

Uses: Intended f o r  the lubricat ion of a i r c r a f t  gears a t  l o w  
temperature. Grade L o i l  i s  fo r  extreme low temperatures. Grade M i s  f o r  
general use i n  a i r c r a f t  gear mechanisms. 

Limitations: This o i l  contains extreme pressure addi t ives  and is  
not su i t ab le  f o r  lubricat ion of i n t e rna l  combustion engines. 
t i ves  i n  t h i s  o i l  s h a l l  not be corrosive, or  cause excessive foaming and 
must not prec ip i ta te  upon d i lu t ing  the o i l  with addi t ional  mineral o i l  base 
stock. 

The EP addi- 

1.1.13 MIL-L-7808G: Lubricating O i l ,  Aircraft Turbine Engine, Synthetic 
Base (NATO Code: 0-148) 

General charac te r i s t ics :  This o i l  i s  a nonpetroleum base lubri-  
ca t ing  o i l  fo r  a i r c r a f t  turbine engines and s imilar  equipment. 
storage,  wide temperature and environment limits. 
synthet ic  base f l u i d  (carboxylic acid ester), but addi t ives  t o  impart  oxida- 
t i o n  s t a b i l i t y ,  corrosion-preventive properties,  and antiwear properties 
are permitted. 

It has good 
This o i l  s h a l l  be a 

The operating temperature range i s  not  specif ied,  but  the  nominal 
operating temperature range is  -54°C t o  149°C (-65°F to 300°F). 
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and other organic materials may resu l t .  

I 

General charac te r i s t ics :  This specif icat ion covers a refined, 
law-viscosity petroleum product f ree  from any extraneous material and 
objectionable odor. 
be r e s t r i c t ed  to  moderate temperatures, 

Usable temperature range is not  specif ied but should 

- Uses: Intended f o r  lubricat ion of miscellaneous equipment re- 
quiring a l i g h t  lubricat ing o i l ,  such as typewriters, sewing machines, etc. 

Limitations: Not recommended fo r  extreme temperature ranges, 
low or  high, nor fo r  high loads. 

1.1.15 MIL-L-9000G (Ships): Lubricating O i l ,  Shipboard In te rna l  Combus- 
t i on  Engine, High Output Diesel (Mili tary Symbol 9250, NATO Code: 
0-274) 

General charac te r i s t ics :  Homogeneous blend of petroleum base 
lubricat ing o i l  stock and addi t ives ,  as necessary, t o  m e e t  the  specifica- 
t i on  requirenents as a lubricant  fo r  high-output marine d i e se l  engine and 
par ts .  When contaminated with sea w a t e r ,  t h i s  o i l  must s t i l l  provide lubri-  
cat ion within specified limits 

- Uses: Intended fo r  use i n  advanced design high-output shipboard 
main propulsion and auxi l ia ry  d i e se l  engines using fue l  conforming t o  M I L -  
F-16884. 

Limitations: Recommended temperature range, - 1 2 O C  t o  +190°C 
(+10"F t o  390'F). 
engines. Future procurement of o i l s  formerly covered by m i l i t a r y  symbol 
o i l s  9110 and 9500 of MIL-L-9000F should use applicable grades of MIL-L- 
2104. 
because of l imited usage. 

This o i l  i s  not su i t ab le  for  crankcase use of gasoline 

Requirement f o r  mi l i ta ry  symbol 9170 of MIL-L-9000F i s  not: included 

1.1.16 MIL-L-9236B(l) : Lubricating O i l ,  Aircraft Turbine Engine, 204OC 

: This specif icat ion covers one grade of 
a i r c r a f t  turbine lubricat ing o i l  of unrestr ic ted composition. Additives 
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f o r  oxidation s t a b i l i t y ,  corrosion preventive proper t ies  and antiwear 
proper t ies  are permitted. 
bu t  nominal range is f o r  high temperatures up t o  I-204OC (4400°F). 

Operating temperature range i s  not  spec i f i ed  

- Uses: This o i l  i s  intended f o r  use i n  s p e c i f i c  models of air- 
c r a f t  turbine engines. 

Limitations: This o i l  s h a l l  be misc ib le  wi th  o ther  o i l s  approved 
under t h i s  spec i f i ca t ion  and under spec i f i ca t ions  MIL-L-7808 and MIL-L- 
25336. Mixtures s h a l l  not be turb id  nor separate.  

1.1.17 MIL-L-10295B: Lubricating O i l ,  Internal-Combustion, Sub-Zero 

General c h a r a c t e r i s t i c s :  A low temperature lubr ica t ing  o i l  con- 
s i s t i n g  of a petroleum o r  combination thereof ,  wi th  s u i t a b l e  addi t ions  t o  
meet spec i f i ca t ion  requirements. 

- Uses: Engine lub r i ca t ing  o i l  s u i t a b l e  f o r  the  crankcase of 
rec iproca t ing  spark-ignition and compression-ignited engines used i n  ground 
equipment f o r  a l l  types of s e rv i ces ,  when ambient temperatures a r e  sub-zero 
range of -54°C t o  -18°C (-65°F t o  0°F). 

Limitations:  This o i l  s h a l l  no t  contain any re - re f ined  products. 

1.1.18 MIL-L-10324A: Lubricating O i l ,  Gear, Sub-Zero (NATO Code: None) 

General c h a r a c t e r i s t i c s :  A sub-zero gear l ub r i ca t ing  o i l  con- 
s i s t i n g  of a petroleum or synthe t ic  base, o r  combinations thereof ,  con- 
t a in ing  s u i t a b l e  addi t ive  ma te r i a l s  t o  m e e t  spec i f i ca t ion  requirements. 
This o i l  s h a l l  contain one of t he  approved EP add i t ives  used i n  a qua l i f i ed  
Grade 90, gear lub r i can t ,  MIL-L-2105. The concentration of t h i s  EP addi- 
t ive  i n  t h i s  gear o i l  s h a l l  be 50% grea t e r  than i n  Grade 90, MIL-L-2105 
universa l  gear lubr icant .  

- Uses: Sui tab le  f o r  the  lub r i ca t ion  of automotive gear u n i t s ,  
heavy-duty indus t r ia l - type  enclosed gear un i t s  (including hypoid g l a s s ) ,  
s t e e r i n g  gears,  and f lu id- lubr ica ted  universa l  j o i n t s  of automotive equip- 
ment operating i n  ambient temperatures ranging from -18°C t o  -54°C (0°F t o  
-65 OF) . 

Limitations: Containers f o r  t h i s  o i l  must be marked wi th  a warning 
no t i ce :  POISON, AVOID SKIN CONTACT. 
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1.1.19 MIL-L-11734C: Lubricating Oil, Synthetic (for Mechanical Time Fuzes) 

General characteristics: Specially formulated synthetic lubri- 
cating oil composition of which is specified both as to constituents employed 
and the percentages of each. (Di-(2-ethylhexel) sebacate, di(2-ethylhexy1)- 
azelate, phenyl-alpha-naphthylamine, and barium petroleum sulfonate). 

Uses: Synthetic lubricating oil intended for use in mechanical 
time fuzes at ambient temperatures from -54°C to -t52"C (-65°F to +125"F). 

- 

Limitations: Do not use in food-processing or food-handling 
machinery or surfaces that may contact food. 

1.1.20 MIL-0-11773: Oil, Lubricating, Synthetic (for Impregnating Powder 
Metal Sleeve Bearings) (NATO Code:) 

General characteristics: A special purpose synthetic lubricating 
oil of a specified composition consisting of purified di-(2-ethylhexy1)- 
sebacate to which is added 0.5%, by weight, of phenyl-alpha-naphthylamine. 

- Uses: A synthetic lubricating oil suitable for impregnating powder 
metal sleeve bearings at normal and below-freezing temperatures. 

Limitation: Not satisfactory for high temperature applications. 

1.1.21 MIL-L-14107B: Lubricating Oil, Low Temperature, Weapons (NATO 
Code: None) 

General characteristics: This specification covers a low tempera- 
ture preservative lubricating oil consisting of tetra-alkyl silicates with 
additive materials to inhibit rust and oxidation. 
range is not specified but this oil has a pour point of -59°C (-75°F) and 
a flash point of +164"C (+325"F). 

Operating temperature 

- Uses: Primarily intended for the lubrication of aircraft and 
ground weapons to insure efficient firing at low temperatures. 

*Limitations: This fluid may soften paint, natural rubber, plastic 
or neoprene with which it canes in contact. 
ranging from -57°C (-70°F) to +49"C (+120°F). 

May be stored at temperatures 
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1.1.22 MIL-L-l5016B(I): Lubricating O i l ,  General Purpose (NATO Code: None) 

General charac te r i s t ics :  This spec i f ica t ion  covers four grades 
of general purpose lubricat ing o i l  consis t ing of ref ined petroleum hydro- 
carbons f r e e  from addi t ives  except pour point depressant. 

- U s e s :  Mil i tary symbol o i l s  2110, 2135, 2190, and 3050 are s u i t -  
ab le  fo r  a l l  applications which require  other than spec ia l  lubricants ;  
where temperature, load and cox'rosion requirements are not severe. Ground 
use only. 

Limitations: Recommended temperature range: 

Mil i tary Symbol O i l  Temperatures 

2110 -18°C t o  +163"C (0°F t o  325°F) 
2135 -18°C to 171°C (0°F t o  340°F) 
2190 2°C t o  177°C (35°F t o  350°F) 
3050 -18°C t o  199°C (0°F t o  390°F) 

1.1.23 MIL-L-150196: Lubricating O i l ,  Compounded 

Mil i tary Symbol 

4065 
6135 
7 105 
8190 

NATO Code 

0-254 
None 
None 
None 

General charac te r i s t ics :  This specif icat ion covers several 
grades of a compounded lubricat ing o i l  containing various f a t t y  o i l s  i n  
various percentages. Because of mult iple  grades of o i l  avai lable ,  t h i s  
lubricant  can be used over a wide temperature range, but i s  generally for  
elevated temperatures; nominal range i s  -12°C t o  3-246°C (+10"F t o  +475"F). 

- U s e s :  
worm gears or  wick feeds. 

Intended fo r  special  applications involving moisture or  

Limitations: For ground use only. 
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1-1.24 MIL-L-17331D (Ships) : Lubricating Oil, Steam Turbine (Noncorrosive) 
(NATO Code : 0-250, Military Symbol : 2190-TEP) 

General characteristics: This liquid is a petroleum base steam 
turbine lubricating oil which may 'or may not contain additives. 
is noncorrosive and has a work factor of 0.9 min. and is a homogeneous blend 
of virgin petroleum lubricating oil plus required additives to meet require- 
ments of the specification. 
but general usage is between -7°C and 88°C (+20"F and 190°F) with short dura- 
tion elevated temperature use to 121°C (250°F). 

The liquid 

The operating temperature range is not specified, 

- Uses: This liquid is a steam turbine lubricating oil for main 
turbines and gears, auxiliary turbine installations, certain hydraulic 
equipment, general mechanical lubrication, and air compressors. 

Limitations: The liquid has limited use as hydraulic fluid and 
is not for low temperatures (minimum recommended temperature is -7°C (+20"F)). 
It is compatible with reference oils furnished by the government and other 
oils to this specification. Additives if used shall contain no chlorine 
or chlorinated materials. 

1.1.25 MIL-L-l7672B(2) : Lubricating Oil, Hydraulic and Light Turbine, 
Noncorrosive 

Viscosity Grades, 99 "C (210 OF) 
Military Symbol NATO Code 10-6 m2/sec (centistokes) 

2075 T-H 
2110 T-H 
2135 T-H 

None 
None 
None 

4.3 - 5.3 
5.3 - 6.7 
6.7 - 787 

General characteristics: This specification covers one type and 
three grades of virgin petroleum base oil plus anticorrosion and antioxida- 
tion additive agents to meet specification requirements. Operating tem- 
perature range is not specified but generally from -18°C to +121"C (0°F 
to +250"F). 

- Uses: 
systems, water turbines, water-wheel type generators, hydraulic-turbine 
governors, and in other applications where a high-grade lubricating oil 
having anticorrosion and antioxidation properties is required. 

This fluid is intended for use in steam turbines, hydraulic 
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Limitations: There are no storage l i f e  requirements, but  the 
l iquid has good storage properties i f  stored i n  closed containers a t  normal 
temperatures. It s h a l l  be compatible with other reference o i l s  furnished 
by the government. Compatibility i s  determined by mixing equal portions of 
spec i f ica t ion  o i l  and reference o i l  and passing requirements of t h i s  specif i -  
cation. 

1.1.26 MIL-L-l8486A(WP) (1) : Lubricating O i l ,  Worm Gear (NATO Code : None) 

General charac te r i s t ics :  High qual i ty  lubricat ing o i l  consisting 
of e s sen t i a l ly  a mixture of highly refined mineral o i l  and load-carrying 
additive.  

- Uses: Intended fo r  heavy-duty, moderate extreme pressure use i n  
enclosed housings employing a splash lubricat ion system containing worm 
gears, spur gears, o r  other power and motion transmission gears. 

Limitations: Intended for  applications a t  temperatures from 
-18°C (OOF) t o  +66"C (+150"F). 

1.1.27 MIL-L-l970lA(AS): Lubricant, All-Weather, Semi-Fluid fo r  Aircraf t  
Ordnances 

General charac te r i s t ics :  Spec ia l  purpose synthet ic ,  low tempera- 
tu re ,  lubricants containing s i l icone  components. Must be compatible with 
o i l - r e s i s t an t  rubber covered by MIL-P-5516. 

Uses: Intended for  use on the  en t i r e  assembly of a i r c r a f t  machine 
guns, associated mechanisms, and other weapons a t  l aw temperatures, and 
under ic ing conditions. Also under cold sweat-cold cycling conditions. 
Temperature range -54°C (-65°F) t o  +71"C (160°F). 

Limitations: Sil icone component may i r r i ta te  the eyes of personnel. 
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1.1.28 MIL-L-21260A: Lubricating Oil, Internal Combustion Engine, 
Preservative 

Product Symbol NATO Code 

PE-1 (light) 
PE-2 (medium) 
PE-3 (heavy) 

C-640 
C-642 
C - 644 

General characteristics: This specification covers three viscosity 
grade preservative lubricating oils used as lubricants in spark-ignition 
and compression-ignition types of reciprocating internal combustion engines. 
The finished oil may be a petroleum base of a synthetically prepared product, 
or a combination thereof, with or without additives. However, no re-refined 
components are permitted. The operating temperature ranges are not specified. 

- Uses: The oil is a crankcase oil for diesel or spark-ignition 
type internal combustion engines. 

short periods, and for some hydraulic equipment. 
other fluids to this specification and MIL-L-2104. 

Although intended principally as a 
tatic preservative, this oil may be used as an operating lubricant for 

It is compatible with 

Limitations: This oil is not for low temperature usage and not 
generally for gear box applications. 

1.1.29 MIL-L-22851B: Lubricating Oil, Aircraft Piston Engine (Ashless 
Dispersant) (NATO Code: None) 

General characteristics: This specification covers one type of 
additive concentrate and two types of lubricating oil blended of lubricating 
oil and additives to impart oxidation stability and dispersant properties 
to aircraft engine oils qualified under MIL-L-6082, Grade 1100 and Grade 
1065. Type I (no NATO code), additive concentrate; Type I1 (NATO Code 
0-128), lubricating oil blend; Type I11 (NATO Code 0-123), lubricating oil 
blend. 
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Uses: These lubricat ing o i l s  a r e  intended fo r  use i n  a i r c r a f t  - 
piston engines and must give a minimum of 1,000 hr. sa t i s fac tory  service. 

Limitations: Type I1 i s  for  engines having a nonnal r a t ing  of 
1,000 hp o r  greater .  
1,000 or  lower. 

Q p e  I11 is fo r  engines having a nonnal r a t ing  of 

1.1.30 MIL-L-23699B(l) : Lubricating O i l ,  Aircraf t  Turbine Engine, 
Synthetic Base (NATO Code 0-156) 

General charac te r i s t ics :  One grade of a i r c r a f t  gas turbine engine 
lubricat ing o i l  t ha t  is  not limited in  composition, except t ha t  i t  must not 
contain any organic compounds of titanium. 
a higher v iscos i ty  and pour point. 

S i m i l a r  to MIL-L-7808 but has 

- Uses: Intended fo r  use i n  spec i f ic  models of a i r c r a f t  gas turbine 
engines, hel icopter  transmissions and other a i r c r a f t  machine gear boxes in  
the temperature range -40°C t o  +2OO0C (-40°F t o  4-40O"F). 
MIL-L-7808 has previously been used. 

May be used where 

Limitations: Not su i tab le  below -40°C (-40°F). Tricresyl  phos- 
phate addi t ives ,  i f  present,  s h a l l  not be more than 1% of the ortho isomer. 

1.1.31 MIL-L-25336-B: Lubricating O i l ,  Aircraf t  Turbine Engine, Synthetic 
Base, High Film Strength (NATO Code: None) 

General charac te r i s t ics :  This specif icat ion covers one type of 
high fi lm strength,  synthetic base, lubricat ing o i l  t ha t  i s  not limited i n  
composition. Additives t o  impart  oxidation s t a b i l i t y ,  corrosion-preventive 
properties,  and antiwear p r o p e r t i e s  are permitted. Operating temperature 
range i s  not specified but the pour point i s  -59°C (-75OF) and the  f l a sh  
point i s  +204"C (+400"F). 

- Uses: Intended fo r  use i n  specified models of a i r c r a f t  turbine 
engines and hel icopter  transmissions. 

Limitations: Not interchangeable wi tband  not to  be nixed with, 
any other a i r c r a f t  engine o i l ,  Should be used only where specified. 
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1.1.32 
Code: None) 

: This specification covers a low viscosity 
petroleum base hydraulic oil for light or medium duty at low temperatures; 
containing approved additives to meet specification requirements for oxida- 
tion, corrosion and wear (tricresyl phosphate, 0.5% by weight, antiwear 
agent). This fluid is dyed purple 
for identification purposes. 
viscosity of 600 x lom6 m2/sec (600 centistokes) at -54°C (-65°F). 

The pour point depressant is permitted. 
It has a pour point of -68°C (-90°F) and a 

- Uses: This liquid is used for low temperature hydraulic systems 
such as missile hydraulic systems, automatic pilots, shock struts, and other 
hydraulic systems using synthetic sealing material. 

Limitations: This liquid is not for high temperature conditions. 
It is not interchangeable with Hydraulic Fluid, Castor Oil Base, Specifica- 
tion MIH-H-7644 (blue color) nor Hydraulic Fluid, Petroleum Base, Specifica- 
tion MIL-H-5606B. 

1.1.33 MIL-L-25681C: Lubricant, Molybdenum Disulfide, Silicone (NATO 
Code 5-1735) 

General characteristics: Aircraft gas turbine engine lubricant 
for sliding surfaces at high temperatures. Composition shall be a 50-50% 
mixture, by weight of silicone oil and molybdenum disulfide (MIL-M-7866). 

- Uses: Intended for use in slow-speed sliding. surfaces operating 
at temperatures up to +399"C (+750°F) and as an antiseize compound on 
threaded parts at temperatures up to +76OoC (+1400°F). 

Limitations: Material has not been investigated for, and should 
not be used in, antifriction bearings. 

1.1.34 MIL-L-Z6087B(l) : Lubricating; Oil. Reciprocating. Ground Support 
(NATO Code: None) 

General characteristics: This specification covers two grades 
of lubricating oil consisting of highly refined base stock and additives, 
excluding pour point additives and viscosity index improvers. 

- Uses: Intended for use in power-driven, high-pressure, re- 
ciprocating air compressors at ambient temperatures ranging from -15°C to 
+54"C (+5OF to t-130"F) for Grade I and -4°C to +6O0C (+25OF to 4-140"F) for 
Grade 11. 
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Limitations: For ground support equipment only. i s  spec i f ica-  
t i o n  consolidation requirements of MIL-L-26087A (1965) and 
(196 1) . 

1.1.35 MIL-L-27694A: Lubricatinp O i l ,  Instrument, -54°C t o  +204"C 
(-65°F t o  +400"F) (NATO Code: None) 

General c h a r a c t e r i s t i c s  : This spec i f i ca t ion  covers one grade of 
a i r c r a f t  instrument o i l  usable over a wide temperature range, -54°C t o  
+204"C (-65'F t o  +400"F), The composition of t h i s  f l u i d  is  not  l imi ted ,  
bu t  a formulation composed of a nonpetroleum base materials (synthetic) and 
addi t ives  t o  impart oxidation s t a b i l i t y  and corrosion-protective proper t ies  
w i l l  be required t o  m e e t  spec i f i ca t ion  requirements. 

Uses: This o i l  i s  intended f o r  use i n  a i r c r a f t  instruments, such 
as tachometer generators,  gyromotors, gyro gimbals, and other appl ica t ions  
involving l i g h t  t o  moderate loads, s m a l l  o s c i l l a t o r y  motions, and rela- 
t i v e l y  high speed (up t o  24,000 rpm). 

Limitations: O i l  must be f r e e  of any fore ign  material, no ad- 
mixtures of r e s i n s ,  rubber, gums, f a t t y  o i l s ,  oxidized hydrocarbons, e t c .  

1.1.36 MIL-L-45199B(1) : Lubricating O i l ,  I n t e rna l  Combustion Engine (High 
Output Diesel) (NATO Code: None) 

General c h a r a c t e r i s t i c s :  A l ub r i ca t ing  o i l  un res t r i c t ed  i n  com- 
pos i t ion ;  petroleum product, synthe t ic  o r  a combination of t he  two combined 
wi th  add i t ives  (detergent, d i spersant ,  oxidation inh ib i t i on ,  v i s c o s i t y  im- 
provers, etc.) as necessary. Available i n  two v i s c o s i t y  grades: Grade 10 
(Mili tary Symbol HDO-10, NATO Code 0-244; and Grade 30 (Mili tary Symbol 
HDO-30, NATO Code 0-225)- 

- Uses: Engine o i l  intended f o r  crankcase lub r i ca t ion  of high 
output, supercharged compression-ignition engines operating a t  approximately 
150 p s i  BMEP and above, under a l l  service conditions when ambient tempera- 
t u r e s  are above -23°C (-10°F). 

Limitations: Must not conta in  any re-refined materials. Must be 
compatible with other o i l s  t o  t h i s  spec i f i ca t ion  and MIL-L-2104 and MIL-L- 
21260 o i l s .  
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1.1.37 

General characteristics: A special purpose, synthetic lubricating 
The principal components are lithium stearate oil of specified composition. 

and bis (2-ethylhexyl) sebacate (synthetic castor oil) . 
capacity, corrosive and rust prevention properties. 

Has good lead-carrying 

- Uses: Intended for use in the operation of the M61, M39 and 
related types of automatic weapons under conditions of extreme pressure and 
temperature range of -54°C to +127"C (-65°F to +260°F). 

1.1.38 MIL-L-46002(ORD): Lubricating Oil, Contact and Volatile, Corrosion 
Inhibited (NATO Code: None) 

General characteristics: This oil is a dual grade volatile 
corrosion inhibited lubricating oil for preservation of material in enclosed 
systems. Light and medium viscosity oils are available with pour points of 
-46°C and -23°C (-50°F and -10°F). This oil is a volatile corrosion in- 
hibited, petroleum base oil containing additives necessary to meet specifica- 
tion requirements. 
sonnel using reasonable safety precautions and must be free from disagreeable 
or offensive odors. The operating range is not specified, but the oil or 
oil-water vapors shall be capable of protecting parts from corrosion through- 
out a temperature range of t4"C to f54"C (-%O°F to +130"F). 

The oil shall contain no ingredients injurious to per- 

- Uses: This oil is intended for use in the preservation of en- 
closed systems where the volatile components will provide protection above 
the oil level. It is also effective as a contact preservative. 

Limitations: The oil is not intended for use as an operational 
preservative oil and should not be used in applications where magnesium, 
cadmium-plated or rubber components are present. Generally, it should not 
be mixed with other oils to same specification due to wide product tolerances. 

1.1.39 MIL-L-46017(MR)(l): Lubricating Oil, Machine Tool Slideways 
(NATO Code: None) 

General characteristics: Specification covers three types (three 
viscosity ranges) of machine tool oil compounded of refined petroleum oil, 
with or without additives, as necessary. Generally for sliding surfaces. 
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- Uses: The intended usages of the three types of lubricat ing o i l  
are : 

Type I - medium o i l ;  fo r  l i g h t  t o  moderate loaded machine 
too l  slideways where an o i l  i n  the v iscos i ty  range 61 t o  75 x 
(61 t o  75 centistokes) i s  specified.  

m2/sec 

Type I1 - heavy o i l ;  fo r  heavily loaded too l  slideways where 
m 2 / s e c  (195 t o  238 cent i -  an o i l  i n  the v iscos i ty  range 195 t o  238 x 

stokes) i s  specified.  

Type I11 - heavy o i l ,  special ;  fo r  heavy loaded too l  s l ide-  
ways where an o i l  i n  v i scos i ty  range 195 t o  238 x lo6 m2/sec (195 t o  238 
centistokes) i s  specif ied,  and operating conditions promote m e t a l  pick-up. 
A l s o  for  use on medium and highly loaded ferrous worm-wheels driven by 
hardened steel  worm. 

Limitations: These o i l s  may be stored a t  temperatures from -57°C 
t o  +49"C (-70°F t o  +120"F). 

1.1.40 MIL-L-83176 : Lubricant, Instrument Bearing, Petroleum Base (NATO 
Code: None) 

General charac te r i s t ics :  Specially refined lubricant,  composi- 
t i on  l imited t o  a na tura l  paraff inic  base stock derived from Pennsylvania 
Crude O i l  and only specified oxidation inh ib i tor  (hindered bis-phenol) 
and antiwear ( t r i c r e sy l  phosphate) additives.  No re-refined products are 
permitted. 

U s e s :  
guidance gyros, accelerometers and other su i tab le  instrument applications.  

Intended for  use i n  the spin axis bearings of i n e r t i a l  

Limitations: Do not mix with any f lu id  except those t o  t h i s  
specif icat ion.  
c a l  o r  food product o r  i n  food machinery on surfaces tha t  may contact food. 

Contains t r i c r e s y l  phosphate and must not be used as medi- 
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1.1.41 MIL-L-83767: Lubricating O i l ,  Vacuum Pump, Mechanical Ejector, 
Diffusion-Ejector (NATO Code: None) 

General charac te r i s t ics :  This spec i f ica t ion  covers four types 
(viscosity ranges) of spec ia l  purpose vacuum pump lubricat ing o i l  con- 
s i s t i n g  of a homogeneous blend of highly refined petroleum base stock 
necessary t o  meet spec i f ica t ion  requirements. The four types are: Type 
I - l i g h t  viscosi ty;  Type I1 - medium viscosi ty;  Type I11 - heavy viscosi ty ,  
and Type I V  - extra heavy viscosity.  

- Uses: The vacuum pump o i l s  are intended t o  provide an o i l  seal, 
t o  a c t  as a coolant, and t o  serve as a lubricant  o r  working f l u i d  f o r  
mechanical, e jec tor ,  and diffusion-ejector vacuum pumps. The choice of 
types (viscosity-range) should be  i n  accordance with pump manufacturer's 
recommendations. 

2.1 Lubricating Greases 

2 . 1.1 W-G-632a (1) : Grease, Indus t r ia l ,  General Purpose (NATO Code : None) 

General charac te r i s t ics :  This specif icat ion covers one type and 
three grades of lubricat ing greases intended primarily fo r  lubricat ing 
machinery equipped with compression type grease cups. Composition of these 
greases s h a l l  consis t  of mineral o i l  base, calcium soap thickener of one o r  
more of the higher f a t t y  acids,  with or  without addi t ives  t o  m e e t  specifica- 
t ion  requirements. 
su i t ab le  where moisture i s  present. 

All grades of t h i s  grease are water-resis tant  and are 

- Uses: Grade 1, s o f t ,  lubr icat ing grease intended f o r  use where 
a s o f t  grade (NLGI No. 1) cup grease i s  specified. Operating temperature 
range should be -23OC t o  169°C (-10°F t o  +120"F). 

Grade 2, medium, lubricat ing grease intended fo r  use where a 
medium grade (NLGI No. 2) cup grease i s  specified. Operating temperature 
range should be -18°C t o  +54"C (OOF t o  130OF). 

Grade 3, hard, lubricat ing grease intended f o r  use where a hard 
grade (NLGI No. 3) cup grease is specified.  
should be -12°C t o  460°C (+loop t o  +140°F). 

Operating temperature range 
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Limitations: None of these specif icat ion greases should be used 
on automatic or  ar t i l lery equipment. 
oxidation and may not prevent corrosion under adverse conditions. 
and artillery equipment should use MIL-G-10924, Grease, Automatic and 
Ar t i l l e ry ;  intended for  appl icat ion formerly covered by Type A ( for  automatic 
use),  Grades 1, 2, and 3 of W-6-632 (1948) and can be subst i tuted fo r  these 
discontinued automatic grades. 

They may not be inhibi ted against  
Automatic 

2.1.2 MIL-G-3545C(MR): Grease, Aircraf t ,  High Temperature (Military 
Symbol GH, NATO Code: G-359) 

General charac te r i s t ics :  Grease consis ts  of lubricat ing o i l  and 
a ge l l ing  agent; has excel lent  high temperature properties for  long periods 
of service. Good corrosion resistance.  

Uses: Intended fo r  use as a lubricant fo r  a i r c r a f t  accessories - 
operating a t  high speeds and a t  temperatures up t o  -149°C (+300°F). 
be used a t  temperatures down t o  -40°C (-40°F). 

May 

Limitations: Grease must meet specified torque tests a t  tempera- 
tu res  dawn t o  -18°C (0°F) ; at  -40°C (-40OF) i t s  use depends on su f f i c i en t  
available power. 
mended before attempting very low temperature starts. 

A run-in period t o  properly channel the grease i s  recom- 

2.1.3 MIL-G-4343B: Grease, Pneumatic System (NATO Code: 6-392) 

General charac te r i s t ics :  Good low temperature p r o p e r t i e s  under 
both s ta t ic  and dynamic conditions. 
of d i e s t e r  and s i l icone  f l u i d  as the base o i l .  
range -54°C t o  +93"C (-65°F t o  +200"F). 

Lithium soap thickener and a blend 
Operational temperature 

- Uses: This grease i s  intended fo r  use i n  pneumatic systems as 
a lubricant between rubber sea ls  and m e t a l  p a r t s  (under dynamic conditions). 
Specification performance tests show tha t  i t  may be used a t  pressures up 
t o  11.03 x N/m2 (1,600 ps i )  however, MIL-G-4343 greases have proven 
sa t i s fac tory  i n  service a t  pressures t o  13.79 x N/m2 (2,000 psi) .  

Limitations: This material is su i tab le  for  use on Buna N type 
o r  Specification MIL-P-5516 rubber. 
of rubber without determining the compatibility between the rubber and 
grease. 

It should not be used with other types 
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2.1.4 MIL-G-6032B(2): Grease, Plug Valve, Gasoline and O i l  Resistant 

General charac te r i s t ics :  This spec i f ica t ion  covers two types of 
grease r e s i s t a n t  t o  p&roleum o i l s  and fuels ,  made from animal, vegetable, 
o r  synthet ic  o i l s  (i.e., polyester) ,  o r  a combination thereof,  and su i t ab le  
ge l l ing  agent (soap o r  nonsoap). 
m i c a ,  clay,  etc. 

Contains no f i l l e r s  such as graphite,  

Type I (NATO Code 6363) - bulk grease 

5 p e  I1 (No NATO Code) - s t i c k  grease 

- Uses: Intended fo r  use as lubricant on tapered plug valves, 
gaskets, or  seals and other  plug value service i n  systems where resis tance 
t o  gasoline, o i l ,  alcohol o r  water i s  required. 

Limitations: Not su i tab le  fo r  use with strong acids,  a l k a l i s  o r  
hydrogen peroxide. 

2.1.5 MIL-G-7187: Grease, Graphite, Ai rcraf t  Lubricating 

General charac te r i s t ics :  Soap-thickened grease containing 
graphite and a petroleum o i l .  Operational temperature range -40°C t o  
+71"C (-40°F to +160°F). 

- U s e s :  General a i r c r a f t  lubricant for  s l i d ing  surfaces. 

Limitations: Contains graphite. Do not use i n  a n t i f r i c t i o n  
bearings or  e l e c t r i c a l  equipment. 

2.1.6 MIL-G-10924B: Grease; Automotive and Ar t i l l e ry  (NATO Code: None) 

General charac te r i s t ics :  Good corrosion resis tance including 
salt  spray. 
synthetic o i l  or  a combination thereof with a su i tab le  thickener. 
t i ona l  temperature range -54°C t o  +79"C (-65°F t o  +175"F). 

Composition not specif ied but can be a mixture of mineral or 
Opera- 

- Uses: Ground handling equipment under a l l  conditions of service 
fo r  temperatures of -54°C t o  +52"C (-65°F t o  125°F). 

Limitations: Not for  high temperature use. 
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2.1.7 MIL-G-14931@0) : Grease, Sil icone, for  U s e  w i t h  Ammunition (NATO 
Code: None) 

General charac te r i s t ics :  This grease consis ts  of a smooth homoge- 
neous mixture of methyl phenyl s i l i cone  and l i thium soap. 
of addi t ives  may be used t o  improve properties.  

Small portions 

- Uses: This specif icat ion covers a s i l i cone  grease for  use i n  
ammunition and as waterproofing agent i n  the M605 mine fuze. 

Limitations: This grease must be f r ee  of any abrasive, or  other 
undesirable f i l l e r s  and impurities. 

2.1.8 MIL-L-l5719A(3) : Lubricating Grease (High Temperature Elec t r ic  
Motor, B a l l  and Roller Bearings) (NATO Code: None) 

General charac te r i s t ics :  High temperature s i l i cone  grease (Type 
HTG). Composition consis ts  of polymethylphenyl s i l i cone  f lu id  i n  a lithium 
soap thickener. Normal temperature range -18°C t o  +149"C (0°F t o  +300°F). 

- Uses: Intended fo r  lubricat ion of b a l l  and r o l l e r  bearings, 
primarily f o r  lubricat ing Class H e l e c t r i c  motors with heat: s tab i l ized  b a l l  
bearings. 

Limitations: It should never be used i n  areas of s l id ing  metal 
such as journal bearings, s p i r a l  gears or gear t r a ins ,  etc. Direct con- 
tact may i r r i ta te  eyes. 

2.1.9 MIL-G18709A(3): Grease, B a l l  and Roller Bearings (NATO Code: None) 

General charac te r i s t ics :  Corrosion-inhibited grease consisting 
of lubricat ing o i l  and ge l l ing  agents, with o r  without additives.  
t i o n  is  not specified. Normal operating temperatures range from 0°C t o  
+107"C (32°F t o  +225"F) fo r  extended operation and up t o  +121"C (f250"F) 
fo r  short  periods. 

Composi- 

- Uses: General use i n  b a l l  and r o l l e r  bearings. 

Limitations: Not intended for  extreme high o r  low temperature 
operation. 
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2.1.10 

.This grease consists essentially of a 
ng agent, and molybdenum disulfide. The 

molybdenum disulfide shall conform to MIL-M-7866, and its content ky weight 
shall be not less than 4.5% and not more than 5.5%. This grease has good 
corrosion protection and water resistance; combined with extreme.pressure 
and under temperature range properties. . . . . . . . . . . .  .. . . . . . . .  :. ... -. 

This grease is intended for use as a lubricant for acces2ory 
loaded sliding steel su2faces or for antifriction beiring .- 

carrying high loads and operating through wide temperature ranges when :..':. 
molybdenum disulfide will prevent or delay seizure in the event of inad%quate 
lubrication. Recommended temperature range 0°C (32°F) to 121°C (+250"F) . 

General characteristics: This specification describer o m  grade 

grease shall be a mixture of methyl polysilozane fluid and aryluria bases, 
free from abrasives and other undesirable fillers or impurities. Small 
amounts of additives may be included. 

ease having wide temperature range properties. Composition of this 

- Uses: Intended for use in ball and roller bearings and aircraft 
accessories where operating at%oth low and high temperatures is required. 
Operating temperatures range from -54°C to +204"C (-65°F t o  +4OoF). 

L 

2.1.12 MIL-G-23549: Grease, General Purpose 

General Characteristics: Good corrosion resistance, ea&reate 

It has a composition of a high viseoasity mineral oif pressure grease. 
with a nonsoap thickener and 5% molybdenum disulfide and a suitable corro- 
sion inhibitor. Normal temperature range up t o  +177"C (+350"F) for QX- 

tended periods and to 3-204"C (t400"F) for short periods. 

- Uses: This material is intended for use on steam catapult fsot- 
pad, automotive and ground support equipment. It is intended €or use under 
conditions of high temperature, high load, salt water and contact with live 
steam. 
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Limitations: This grease should not  be used a t  temperatures 
below -18°C (0°F) without p r io r  performance evaluation. 

2.1.13 

General charac te r i s t ics :  Extreme pressure grease with good 
corrosion protection. Water r e s i s t a n t  with low o i l  separation. It has 
a composition of a synthetic base o i l  with extreme pressure addi t ive i n  
a lithium o r  calcium stearate o r  hydroxystearates. 

- Uses: The grease is intended for  use i n  b a l l ,  r o l l e r ,  and needle 
bearings, gears, and on s l id ing  and ro l l i ng  surfaces of such equipment as 
instruments, cameras, e lectronic  gear, and a i r c r a f t  control  systems. It 
is par t icu lar ly  su i tab le  for equipment which must operate a t  both low and 
high temperatures. 
o i l  fogging i n  opt ica l  instruments. 
use on a i r c r a f t  gears, actuator  screws, and other equipment requiring a 
lubricant with high load-carrying capacity over a temperature range of 
-54°C (-65°F) t o  121°C (f250"F) and for  short  periods up t o  149°C (+300°F). 
This mater ia l  replaces MIL-G-3278A, MIL-G-7118AY MIL-G-007118B , and MIL-G- 
15793. 

I ts  extremely low v o l a t i l i t y  i s  of advantage i n  preventing 
This grease i s  a l s o  intended fo r  general 

Limitations: Specification MIL-G-23827 grease contains a r e l a t ive ly  
low viscos i ty  o i l  i n  order t o  obtain adequate low temperature properties.  
The l o w  o i l  v iscosi ty  r e su l t s  i n  a generally higher rate of storage separa- 
t i o n  or service "bleeding" of the o i l  components than is  generally ex- 
perienced with high temperature greases such as Specification MIL-G-3545 
greases. The special synthetic o i l s  used i n  t h i s  grease may sof ten paint,  
na tura l  rubber, neoprene, and e l e c t r i c a l  insulat ing materials.  Generally, 
t h i s  grease w i l l  allow equipment t o  operate a t  -54°C (-65"F);however, the 
increase i n  torque a t  -54°C (-65"F), due t o  the increase i n  v iscos i ty  of 
t h i s  increase, may amount t o  as much as tenfold over the torque a t  normal 
temperatures. 
s ign of equipment. 

This fac tor  must be  taken in to  consideration i n  the de- 

2.1.14 MIL-G-24139 (Ship)( l ) :  Grease, Multipurpose, Quiet Service (NATO 
Code: None) 

General charac te r i s t ics :  Smooth homogeneous mixture f r ee  from 
lumps, abrasives and undesirable f i l l e r s  or  impurit ies;  consis ts  essent ia l ly  
of a petroleum o i l  and su i tab le  ge l l ing  agent. 
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- Uses: This grease i s  for  multipurpose usage in  quiet  service. 
In  b a l l  and r o l l e r  bearings, it may be used f o r  continuous service from 
0°C t o  +106"C (+32"F t o  +228"F) and fo r  moderate periods up t o  +121°C 
(+250 OF) . 

Limitations: Shal l  have no odor of ranc id i ty  or  perfume. 

2.1.15 MIL-G-25013D: Grease, Aircraf t ,  B a l l  and Roller Bearing (NATO 
Code: 6-372) 

General charac te r i s t ics :  Excellent high temperature properties.  
This grease s h a l l  be a mixture of a su i t ab le  l iquid lubricant ,  a ge l l ing  
agent and addi t ive needed t o  m e e t  specif icat ion requirements. Frequent 
composition i s  a nonsoap thickened s i l icone  o i l  grease. 

- Uses: This grease i s  intended f o r  use i n  b a l l  and roller bear- 

r t i c u l a r l y  designed fo r  those high temperature b a l l  and r o l l e r  bear- 
pplications where soap-type thickeners may not be applicable. 

ings over the temperature range of -73°C t o  +232OC (-100°F t o  3450°F). It 

It w i l l  
permit operation of equipment a t  -73°C (-100°F) and w i l l  lubr icate  an t i -  
f r i c t i o n  bearings continuously a t  temperatures as high as +232"C (450°F) 
when the speed fac tor  or DN value of the bearing does not exceed 200,000. 
This grease replaces tha t  conforming t o  MIL-G-27343. 

Limitations: This grease should not be specified for  applications 
i n  which the  main act ion involves the s l i d ing  of metal-on-metal as i n  journal 
bearings, s p i r a l  gears, gear t r a i n s ,  and similar applications unless per- 
formance evaluation tests have proven it sa t i s fac tory .  

2.1.16 MIL-G-25537A: Grease, Aircraf t ,  Helicopter Osci l la t ing Bearing 
(NATO Code G-366) 

General charac te r i s t ics :  Good corrosion protection and water 
resistance.  
composition i s  not specified.  
(-65°F t o  +160°F) f o r  extended operation and t o  +93"C (+200°F) fo r  short  
periods. 

Soft  consistency designed t o  minimize f r e t t i n g  corrosion, 
Normal temperature range -54°C t o  +7loC 

- Uses: This grease is  intended f o r  use i n  bearings having osc i l -  
l a t i ng  motion of small amplitude, such as hel icopter  ro tor  head bearings. 
It is su i tab le  fo r  use i n  equipment which must operate a t  ambient tempera- 
tu res  of -54°C t o  +71°C (-65°F t o  +160"F), 
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General characteristics: Good corrosion protection and water 
resistance. Excellent high temperature properties, also good high-speed 
performance. 
point gelling agent. Normal temperaturerange -54°C to +177"C (-65'F to 
+350"F) for extended periods and to +260"C (+500°F) for short periods. 

Composition is a synthetic ester base oil in a high melting 

- Uses: This grease is intended for use in ball and roller bear- 
ings operating over the temperature range of -54°C to+177"C(-65"F to 4-350°F). 
It is particularly suited for wheel bearings in internal brake wheel as- 
semblies of aircraft. 

Limitations: This grease should not be used in aircraft actuators, 
gear boxes and similar equipment unless performance evaluation tests have 
proven it satisfactory. 

2.1.18 MIL-G-27549(1): Grease, Aircraft, Heavy Load Carrying (NATO Code: 
None) 

General characteristics: Wide usable tepmerature range, corrosion 
inhibited, water resistant and extreme pressure lubricant. 
consists of a silicone grease with a nonsoap gelling agent. 
ting temperature range is -54°C to f218"C (-65°F to +425"F). 

Composition 
Normal opera- 

- Uses: This material is intended for use in aircraft actuators, 
gear boxes, gimbal rings, oscillation bearings and other applications in- 
volving heavy loads. 

Limitations: This grease should not be used in applications such 
as antifriction bearings unless performance evaluation tests have proven 
it satisfactory. 

2.1.19 

: Wide temperature homogeneous compound 
Resistant 

Usable at temperatures from -34°C to f204"C 
consisting of a gelling agent and a suitable liquid lubricant. 
to fuel, oil and liquid oxygen. 
(-30 OF to t400 OF) . 
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Uses: Intended fo r  use i n  the  lubricat ion of taper plug valves, 
gaskets, and bearings i n  fue l  systems of a i r c r a f t  and ground support equip- 
ment. 
value, threads and bearings i n  aerospace vehicles and supporting equipment. 

A l s o  fo r  use i n  the presence of l iqu id  oxygen as a lubricant  of 

Limitations: May not be su i tab le  for  aluminum or  magnesium 
dynamic bearing lubricat ion because of possible ign i t ion  hazards. Not 
recommended f o r  general a n t i f r i c t i o n  bearing lubrication. 

2.1.20 MIL-G-38220(1): Grease, Ai rcraf t ,  High Speed, B a l l  and Roller 
Bearings (NATO Code: None) 

General charac te r i s t ics :  Wide temperature grease consisting 
essent ia l ly  of a nonsoap gel l ing agent and a su i tab le  l iquid lubricant  
(i.e., s i l i cone  o i l  base). 

Uses: Intended for  use i n  b a l l  and r o l l e r  bearings over tempera- 
ture  range of -40°C t o  +200"C (-40°F t o  +400"F), and DN values up t o  400,000. 
Especially sui ted f o r  applications i n  the temperature range where normally 
soap-type petroleum o i l  or  soap-type synthet ic  o i l  greases are not applica- 
able.  

Limitations: No corrosion resis tance required. For appl icat ion 
such as a i r c r a f t  actuators ,  gear boxes and similar equipment, performance 
evaluation t e s t s  must prove the lubricant sa t i s fac tory  before usage. 

2.1.21 MIL-G-38277: Grease, Ai rcraf t ,  High Speed, B a l l  and Roller Bear- 
ing, f316"C (+600"F) (NATO Code: None) 

General charac te r i s t ics :  High temperature grease consisting 
e s sen t i a l ly  of a nonsoap ge l l ing  agent and a su i t ab le  l iquid lubricant.  
Similar t o  MIL-G-38220 but capable of higher temperature operation. 

&- Uses: Intended for  use i n  b a l l  and r o l l e r  bearings over tempera- 
t u re  ranges of -4°C t o  +315"C (+25"F t o  600°F). For use i n  temperature 
range where normally soap-type petroleum o i l  o r  soap-type synthet ic  o i l  
greases are not applicable. 

Limitations: Must provide a t  l e a s t  100 hr. sa t i s fac tory  lubri-  
ca t ion  of a No. 204 open b a l l  bearing operating a t  20,000 rpm a t  a tempera- 
ture  of t-314"C (600°F). U s e  i n  such applications as a i r c r a f t  actuators,  
gear boxes, and similar equipment i s  recommended only a f t e r  performance 
evaluation tests. 
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2.1.22 MIL-G-46003 (MR) (3) : Grease, Ri f le  (NATO .Code : None) 

General charac te r i s t ics :  A special  purpose water-resis tant  
grease. 
ge l l ing  agent, with or  without added material necessary t o  meet specif ica-  
t i on  requirements. 

Composed of a s t ab i l i zed  mixture of mineral o r  synthet ic  o i l  and 

Uses: This grease i s  intended fo r  lubricat ion of r i f l e s  and 
other small arms only when they are used under conditions of sustained 
r a in ,  where conventional o i l s  tend t o  wash of f .  
of t h i s  grease i s  +2"C t o  3388°C (+35"F t o  +100"F). 

Temperature range fo r  use 

Limitations: Not intended as replacement for  conventional o i l s  
under conditions other than sustained rain.  

2.1.23 MIL-G-46006: Grease, Aircraf t  (NATO Code: None) 

General charac te r i s t ics :  Ex t reme  pressure lubricant ,  water 
r e s i s t a n t  grease. Composition i s  a mineral o i l  base with no par t icu lar  
thickener specified.  Noma1 temperature range i s  0°C t o  +135"C (32°F t o  
+275 OF). 

Uses: Drive sha f t  couplings, a l so  sa t i s fac tory  for  a n t i f r i c t i o n  
bearings. 

Limitations: Material does not have good low temperature char- 
a c t e r i s t i c s .  

2.1.24 MIL-G-81322A(l): Grease, Aircraf t ,  General Purpose - Wide Tem- 
perature  Range (Military Symbol WTR, NATO Code: 6-395) 

General charac te r i s t ics :  A wide temperature range general pur- 
pose grease tha t  consis ts  pr incipal ly  of a wide temp-erature range l iquid 
lubricant  and a high melting point ge l l ing  agent. 
so l ida tes  the requirements of,  and i n  many applications has superseded 
the following greases: MIL-G-7711A, MIL-G-25760A, and MIL-G-3545. 

This specif icat ion con- 

- U s e :  A general purpose grease applicable where operating tem- 
peratures are as low as -54°C (-65OF) and as high as +177"C (+350"F). 
Specif ical ly  designed fo r  wheel bearings i n  in te rna l  brake wheel assemblies, 
a n t i f r i c t i o n  bearings, gear boxes and p la in  bearings, a l s o  applications 
such as a i r c r a f t  accessories operating a t  high speeds over a wide tempera- 
tu re  range. 
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Limitations: Grease must not have any objectionable odor, or 
odor of rancidity, perfume, or free alcohol. 

2.1.25 MIL-G-83261: Grease, Aircraft, Extreme Pressure, Antiwear (NATO 
Code: None) 

General characteristics: This specification covers one type of 
heavy load bearing grease consisting essentially of a suitable 
cant, a nonsoap gelling agent, and necessary additives. 
temperature properties. 

liquid lubri- 
Has wide range 

- Uses: 
rings, oscillation bearings, and other applications involving heavy loads 
and elevated temperatures. 

Intended for use in aircraft actuators, gear boxes, gimbal 

Limitations: Allowable temperature range from -73°C to +232"C 
(-100'F to +450'F). 

3.1 Compounds 

3.1.1 W-P-236: Petrolatum, Technical (NATO Code: S-743) 

General characteristics: This specification covers the require- 
ment for petrolatum that is uniform in quality, clean, homogeneous and re- 
fined, and free from adulteration. 

Uses: Intended for use as a light grade of lubricating grease, 
may also be used as a constituent in certain types of rust preventive com- 
pounds. 

Limitations: Not recommended for use as a lubricant in heavy 
loaded or hot running bearings. 

3.1.2 TT-A-580D(l): Antiseize Compound, General Purpose (for Threaded 
Fittings) (NATO Code: 5-725) 

General characteristics: High quality antiseize compound used 
as sealing compound for steam, water and threaded fittings. Composition 
is not specified but lead content shall not exceed 1.0% of total solids. 
Material shall be applicable by paddle at temperatures from -12°C (-10°F) 
to %O"C (+140°F), shall form a flexible nonshrinking bond that inhibits 
rust and corrosion and will not gall, seize or block threads. 
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- Uses: General purpose an t i se ize  compound fo r  threaded f i t t i n g s  
fo r  steam and water a t  pressures up t o  1.034 x lo6 N/m2 (150 p s i )  and tem- 
peratures up t o  177°C (350°F). 
f i t t i n g s  i n  gaseous systems a t  higher pressures when compatibility exists 
between the system media and the an t i se ize  compound. 

May a l so  be used on f la red  or  cone type 

Limitations: Not su i t ab le  for  use on spark plugs, oxygen systems 
or hydraulic systems. 

3.3.3 MIEA-907D: Antiseize Compound, High Temperature (NATO Code: None) 

General charac te r i s t ics :  This specif icat ion covers an an t i se ize  
compound of homogeneous mixture, f r ee  from ingredients which a r e  corrosive 
t o  ferrous metals. Six-month storage l i f e  minimum. 

- U s e s :  Antiseize compound for  use on threads of s t e e l  nuts and 
b o l t s  of super-heated steam ins t a l l a t ions  a t  temperatures up t o  566°C 
(1050°F). 

Limitations: Not intended for  use with aus t en i t i c  s t e e l s .  

3.1.4 MIL-T-5542DtMI): Thread Compound, Antiseize and Sealing, Oxyg en 
Systems (NATO Code: 5-717) 

General charac te r i s t ics :  Smooth homogeneous paste of optional 
composition, but s h a l l  contain no mineral, vegetable o r  animal o i l s  o r  
f a t s ,  or  other materials which are inflammable with oxygen a t  13.79 x 106 
N/m2 (2,000 ps i ) .  
t ies  and good an t i se ize  properties.  

Has excel lent  high and low temperature seal ing proper- 

- Uses: Antiseize and seal ing compound intended fo r  use on threaded 
components of  gaseous oxygen systems over a temperature range of -54°C t o  
+71"C (-65OF t o  +160"F). 

Limitations: Not for  use with l iquid oxygen systems. 

3.1.5 MIL-C-5545B: Corrosion Preventive, Aircraf t  Engine, Heavy O i l  Type 
(NATO Code: None) 

General charac te r i s t ics :  Nontoxic heavy o i l  type corrosion 
Easily poured a t  710°C (5O0F) and f lash  point m o r e  than -t177OC preventive. 

(+350 OF) . 
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- Uses: Compound intended for use on internal parts and surfaces 
of engines and equipment to prevent damage by corrosion. 
preservation only, and should be removed fram engine prior to flight. 

For static 

Limitations: Material is not for operational use, and should not 
be confused with MIL-C-6529 lubricant. 

3.1.6 MIL-C-8188C: Corrosion Preventive Oil, Gas Turbine Engine, Aircraft 
Synthetic Base (NATO Code: C-638) 

General characteristics: Corrosion-preventive oil which is not 
limited in composition. 
ments are permitted. 

Additives necessary to meet specification require- 

- Uses: Intended for preservation of turboprop and turbojet 
engines using specifications MIL-L-7808 lubricating oil. 

Limitations: Capable of limited use, not exceeding 25 hr., as 
an aircraft engine lubricant, and can be used for both preservation and 
final acceptance runs of aircraft engines. Recommended temperature range 
-54°C to +149"C (-65°F to +300"F). 

3.1.7 MIL-S-8660B Silicone Compound (NATO Code: S-736) 

General characteristics: This specification covers one type of 
nonmelting heat stable silicone compound. 
ture range 54°C (-65°F) to 204°C (400°F) for extended periods and up to 
260°C (500°F) for short periods. 

It is effective in the tempera- 

- Uses: This material is used as a sealant to prevent galvanic 
corrosion due to moisture penetration in areas of dissimilar metal con- 
tact; for sealing high tension electrical connections of aircraft and 
automotive engines; sealing and insulating electronic equipment where 
material must remain in soft state to allow easy disassembly, as a lubri- 
cant and sealant for rubber "0" rings and gaskets; when mixed with moly- 
bderium disulfide, for threaded connections on piping and valves that come 
in contact with corrosive liquids and gases. 

Limitations: Not to be used on electrical connectors having 
natural rubber inserts, as noted in applicable technical orders or specifi- 
cations for connectors. Not intended for use as a heat sink. Materials 
having properties more suitable for this application are currently com- 
mercially available. 
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3.1.8 MIL-C-11796 Corrosion Prevent ive,  Petrolatum, Hot Application 

General c h a r a c t e r i s t i c s :  This s p e c i f i c a t i o n  covers a s u i t a b l y  
formulated petroleum-base cor ros ion  prevent ive compound, a v a i l a b l e  i n  
th ree  classes. The f l a s h  po in t  of t h i s  compound i s  177°C (350°F) and t h e  
me l t ing  po in t  i s  from 57OC (135°F) t o  68°C (155OF). 

- Uses: This material i s  intended f o r  p ro tec t ion  of f e r rous  and 
nonferrous m e t a l s .  U s e  of t h i s  corrosion prevent ive should be r e s t r i c t e d  
t o  Class 1 and Class 3 materials. Glass 1 i s  a hard f i lm  compound appl ied  
i n  the molten s ta te  by dipping, bushing, swabbing, etc. and may be used 
f o r  t he  p ro tec t ion  of s m a l l  m e t a l  p a r t s  e i t h e r  packaged o r  unpackaged and 
f o r  long-term indoor s to rage  p ro tec t ion  of h ighly  f in i shed  m e t a l  par t s .  
Class 3 i s  a s o f t  f i l m  compound appl ied  e i t h e r  by brushing o r  swabbing a t  
room temperature o r  by dipping i n  t h e  molten state and may be used f o r  t h e  
preserva t ion  of a n t i f r i c t i o n  bear ings and on machine sur faces  f o r  which 
a p ro tec t ive  material which i s  e a s i l y  removable a t  room temperature i s  
required.  

Limitat ions:  Material must no t  foam o r  sepa ra t e  after s torage  
a t  107°C (225°F) and -40°C (-40°F). Maximum temperature of app l i ca t ion  
are: 
8 2  O C  (180 OF). 

Class 1 o r  l A ,  93°C (200°F); Class 2 ,  88°C (190°F), and Class 3, 

3.1.9 MIL-C-l6173D(2) : Corrosion Preventive Compound, Solvent Cutback, 
Cold Applicat ion (NATO Code: None) 

General c h a r a c t e r i s t i c s :  This s p e c i f i c a t i o n  covers one type and 
f i v e  grades of a cor ros ion  prevent ive compound composed of a nonvo la t i l e  
base material i n  a petroleum so lvent  (no benzol o r  ch lor ina ted  hydrocarbon). 
Compounds must be f r e e  of abras ives ,  water, ch lor ides  and o the r  impur i t ies ,  
and no t  i n ju r ious  t o  personnel us ing  reasonable care. 

- Uses: These materials are intended as cor ros ion  prevent ive com- 
pounds which depos i t  t h i n ,  e a s i l y  removed f i lms a f t e r  evaporat ion of solvent .  
Grade 1 (NATO Code C-632) - provides a hard f i lm f o r  genera l  purpose pres- 
e rva t ion  indoor o r  outdoor, w i th  o r  without  cover,  where a dry-to-touch 
f i l m  i s  required.  Grade 2 (NATO Code C-620)-- provides a s o f t  f i lm  f o r  
extended undercover p ro tec t ion  of i n t e r i o r  o r  e x t e r i o r  sur faces  of machinery, 
instruments o r  bear ings w i t h  o r  without  b a r r i e r  materials. 
door p ro tec t ion  of material f o r  l imi ted  per iods where metal su r face  tempera- 
t u r e s  do no t  cause p roh ib i t i ve  flow of prevent ive fi lm. Grade 3 - provides 
a w a t e r  d i sp l ac ing  s o f t  f i l m  f o r  use where water or s a l i n e  so lu t ions  must 
be d isp laced  from cor rod ib le  surfaces .  For p ro tec t ion  of i n t e r i o r  sur faces  
of machinery, instruments and o the r  material under cover f o r  l imi ted  per iods,  
and f o r  p ro tec t ion  of c r i t i ca l  bare  s tee l  o r  phosphated su r faces  f o r  extended 

Also f o r  out- 
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per iods  us ing  a b a r r i e r  material. 
tacky f i l m  f o r  gene ra l  purpose indoor  and outdoor use ,  where a tack- f ree  
coa t ing  is  requi red ,  and where m i s c i b i l i t y  wi th  l u b r i c a t i n g  o i l  is no t  re- 
qui red  and t h e  f i l m  must be  e a s i l y  removable wi th  Stoddard 's  s o l v e n t .  
5 - low p r e s s u r e  steam removable f i l m  f o r  use i n  p l a c e  of Grade 3 where 
chemical "boil-out" cannot be  used f o r  removal. 

Grade 4 - provides  a t r anspa ren t  non- 

Grade 

Limi ta t ions :  Contains combustible petroleum t h i n n e r  of  38°C . 

(100°F) minimum f l a s h  po in t .  
equipment. 
o f  vapors. 

Avoid use n e a r  open f lame,sparks ,  o r  welding 
Also avoid prolonged o r  repea ted  con tac t  wi th  s k i n  o r  b rea th ing  

4.1 Hydraul ic  and Damping F lu ids  

4.1.1 W-B-680A - Brake Flu id ,  Automotive (Mi l i t a ry  Symbol HB) (NATO Code: 
H-542) 

General c h a r a c t e r i s t i c s :  S p e c i f i c a t i o n  covers one type  and one 
grade of brake  f l u i d  of u n r e s t r i c t e d  composition, but  gene ra l ly  a g l y c o l  base. 

U s e s :  Intended f o r  use as an  ope ra t ing  f l u i d  i n  automotive hy- 
d r a u l i c  systems a t  ambient temperatures ranging from -40°C (-40°F) t o  +5S°C 
(131°F), and f l u i d  temperatures from -40°C (-40°F) t o  190°C (374°F). 

Limitat ions:  Not t o  be used i n  preserv ing  brake p a r t s  and com- 
ponents i n  warehouse s t o r a g e  nor  i n  brake systems of veh ic l e s  sub jec t ed  t o  
prolonged per iods  of standby s torage .  

4.1.2 W-D-001078(GSA-FSS) : Damping Flu id ,  S i l i c o n e  Base (Dimethyl Poly- 
s i l oxane )  

Viscos i ty  Grades 
NATO Code Cent is tokes o r  10-6 m2/sec 

S-1714 10 
5-1718 50 
S-1720 100 
S-1724 7,500 
5-1726 20,000 
S-1728 100,000 
5-1732 200,000 

General c h a r a c t e r i s t i c s :  This s p e c i f i c a t i o n  inc ludes  mult igrade 
s i l i c o n e  damping f l u i d s ,  based on dimethyl polysi loxane,  having a wide 
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range of viscosities--0.65 to 200,000 x m2/sec (0.65 to 200,000 centi- 
stokes) at 25°C (77°F). These fluids are of high quality, fsee of suspended 
matter and water or sediment, and contain no unapproved admixtures or other 
fluids. This specification supersedes MIL-S-215688 which covered a similar 
class of damping fluids. 
i-600"F) depending on pour and flash point and viscosity grade. 

Temperature range from -54°C t o  +316"C (-65°F to 

- Uses: These multigrade fluids are intended for many uses such 
a s  damping fluids, transducer fluids, lubricants, heat transfer fluids, 
dielectric fluids, mold release agents, water repellents, hydraulic fluids, 
protective dressings, and impregnants. 

Limitations: These fluids should not be mixed with any other 
type of lubricating oil or hydraulic fluid. When replacing another oil 
with this fluid, parts must be disassembled and thoroughly cleaned with 
fresh solvent. Consideration must be given t o  the type of elastomer used 
in contact with the fluids because they tend to cause certain elastomers 
to shrink and harden. This is particularly true of the lower viscosity 
fluids . 

4 . 1 . 3  MIL-H-5606B(3): Hydraulic Fluid, Petroleum Base; Aircraft, Missile, 
and Ordnance (NATO Code: H-515) 

General characteristics: Good l o w  temperature hydraulic fluid 
that is clear and transparent consisting of petroleum products with addi- 
tive materials to improve the viscosity-temperature characteristics, 
resistance to oxidation and antiwear properties, Fluid is dyed red for 
identification purposes. May be used at temperatures ranging from -54°C 
to +71"C (-65°F to +160"F) in open systems and up to +135"C (-C275"F) in 
closed airless systems. 

- Uses: Primarily as an operating oil in aircraft hydraulic sys- 
terns, automatic pilots, loading gears, shock struts, brakes, flap-control 
mechanisms, missile hydraulic servo-controlled systems and other hydraulic 
systems using synthetic sealing materials. 

Limitations: Since this fluid has a rather high rate of evapora- 
tion, it should not be used as a general-purpose high-temperature lubricant. 
It is not interchangeable with any other type of hydraulic fluid. Must not 
contain any pour point depressants. 
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4.1.4 MIL-H-6083C: Hydraulic Fluid,  Petroleum Base, f o r  Preservation and 
Testing (NATO Code: C-635) 

General c h a r a c t e r i s t i c s :  This l i qu id  is a petroleum base corro- 
s ion  preventive o i l  f o r  hydraulic equipment. It contains add i t ives  t o  pro- 
vide corrosion pro tec t ion  and t o  improve viscosity-temperature cha rac t e r i s -  
t i c s  and r e s i s t ance  t o  oxidation, bu t  no pour poin t  depressant add i t ive  i s  
allowed. The f l u i d  s h a l l  have no de le te r ious  e f f e c t  on pressure-seal 
packing used i n  a i r c r a f t  hydraulic systems and shock s t r u t s .  Operating 
temperature range is  -54°C t o  +71"C (-65°F t o  4160'F). 

- Uses: This f l u i d  i s  intended as a preserva t ive  o i l  i n  a i r c r a f t  
and ordnance hydraulic systems during shipment and storage,  and a l s o  as a 
t e s t i n g  and f lush ing  l i q u i d  f o r  hydraulic system components. It i s  not in- 
tended as an  operational hydraulic f l u i d ,  but may be used f o r  l imited 
opera t iona l  use. 

Limitations: Not recommended f o r  high temperature use o r  f o r  
heavy duty requirements. This l i qu id  i s  not interchangeable wi th  hydraulic 
f l u i d ,  ca s to r  o i l  base, Spec i f ica t ion  MIL-H-7644 (USAF') or  hydraulic f l u i d ,  
nonpetroleum base, automotive, Spec i f ica t ion  W-B-680a. 

4.1.5 MIL-H-8446B(l): Hydraulic Fluid,  Nonpetroleum Base, A i r c r a f t  (NATO 
Code: None) 

General c h a r a c t e r i s t i c s :  Wide temperature range, synthe t ic  base 
o i l ,  hydraulic f l u i d  t h a t  has good oxidation s t a b i l i t y  and antiwear proper- 
ties. Contains add i t ives  t o  i m p a r t  oxidation s t a b i l i t y ,  antiwear proper t ies ,  
and viscosity-temperature c h a r a c t e r i s t i c s  necessary t o  m e e t  spec i f i ca t ion  
requirements. Cer ta in  disiloxanes containing add i t ives  are s a t i s f a c t o r y  
f o r  t he  rubber s w e l l  requirements. Operating temperature range i s  -54°C t o  
+204"C (-65°F t o  4 0 0 ° F ) .  

Uses: This hydraulic f l u i d  i s  intended f o r  use i n  high-tempera- 
t u r e  a i r c r a f t  hydraulic systems (Type I11 a i r c r a f t  hydraulic system as 
defined i n  Spec i f ica t ion  MIL-H-5440), and other systems where a high q u a l i t y  
hydraulic f h i d  i s  required. 

Limitations: The f l u i d  has good storage l i f e  and has s a t i s f a c t o r y  
rubber s w e l l  p roper t ies  f o r  type "S" synthe t ic  rubber. 
w i th  other hydraulic f l u i d s  t o  t h i s  spec i f i ca t ion ;  but not interchangeable 
with any others.  

It i s  compatible 

The t o x i c i t y  c h a r a c t e r i s t i c s  must be furnished. 
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4.1.6 MIS-10137: Hydraulic Fluid, Petroleum Base, Intermediate Viscosity 
(NATO Code: None) 

General characteristics: This hydraulic fluid is a refined 
petroleum base liquid with additive materials to improve oxidation resis- 
tance, viscosity-temperature characteristics, and tricresyl phosphate for 
antiwear properties. 
tion purposes. Operating temperature range is not specified. This liquid 
may also be prepared by blending signal quantities of qualified product 
list of MIL-H-5606 and MIL-H-46004. 

It is dyed dark green or dark blue for identifica- 

- Uses: This hydraulic fluid is for guided missile hydraulic sys- 
tems such as the Nike Hercules Missile System at intermediate temperatures. 

Limitations: This liquid shall contain no pour point depressants, 
admixtures of resins, rubber, soaps, gums, fatty oils, oxidized hydrocarbons 
or other additives unless specifically approved. It has a storage life of 
12 months under normal conditions, -57°C to -I-49"C (-70°F to 3-120°F). 

4.1.7 MIS-10150: Hydraulic Fluid, Petroleum Base, Low Temperature, 
Corrosion Preventing (NATO Code: None) 

General characteristics: This liquid is a clear and transparent 
low temperature petroleum base hydraulic fluid containing polymeric addi- 
tives t o  improve viscosity-temperature characteristics, and other additives 
to inhibit oxidation and corrosion and to improve antiwear properties. 
has a pour point of -68°C (-90°F) and a viscosity of 800 x 10'6 m2/sec 
(800 centistokes) at -54°C (-65°F). Temperature range is not specified 
but is generally for l o w  temperature applications, -68°C (-90°F) to +95"C 
(+200 OF). 

It 

- Uses: This hydraulic fluid is intended for use in automatic 
pilots, shock absorbers, brakes, flap-control mechanisms, missile hydraulic 
servo-controlled systems, and other hydraulic systems using synthetic 
sealing materials. 

Limitations: This hydraulic fluid is not for high temperature 
applications, and is not interchangeable with any other hydraulic fluid 
except as specified in equipment Technical Manuals. 
storage life of 12 months. 

It has a normal 
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4.1.8 MIL-H-l3866A(ORD): Hydraulic Fluid, Petroleum Base, Artillery 
Recoil, Special (NATO Code: None) 

General characteristics: This hydraulic fluid is one grade of 
The liquid is special recoil hydraulic fluid for shock load mechanisms. 

clear and transparent and is dyed green for identification purposes. 

Composition consists of a refined mineral oil, free from resin, 
soap, unrefined oils and injurious ingredients which may affect the proper 
function of the fluid. Viscosity index improvers, oxidation inhibitors, 
and other additives--within defined limits--may be added if needed to meet 
specification requirements. Usable temperature range is not specified, but 
generally limited to between -34°C to +93"C (-30°F to 200°F). 

- Uses: This hydraulic fluid is primarily for ordnance equipment 
such as hydrosprings and hydropneumatic artillery recoil mechanism. It 
may also be used in other fluid or force damping mechanisms. 

Limitations: This hydraulic fluid is not suitable for extreme 
temperatures; the fluid, and any of its components, must not be subjected 
to temperatures above 300°F during blending or subsequent operation, 

4.1.9 MIL-H-13910B: Hydraulic Fluid, Polar Type Automotive Brake, All- 
Weather (NATO Code: None) 

General characteristics: This specification covers one type and 
one grade of all-weather hydraulic brake fluid. Composition is not limited 
or sprafied but fluids meeting specification requirements are generally 
glycol base fluids. 

- Uses: Intended for use in automotive hydraulic brake systems at 
ambient temperatures ranging from -55°C (-67°F) to +55"C (+131"F). 

Limitations: Is not to be used in preserving hydraulic brake 
parts and components in warehouse storage. 

4.1.10 MIL-F-l7111(NOrd): Fluid, Power Transmission (NATO Code: H-575) 

General characteristics: A petroleum base fluid plus an anti- 
wear agent, tricresyl phosphate, and other approved additives to improve 
the fluid with respect to viscosity-temperature and lubricating properties, 
resistance to oxidation, and corrosion protection. Fluid must be suitable 
for hydraulic systems employing mechanical or fibrous type filters o r  
centrifugal purification, and shall be noncorrosive to bearings and hydraulic 
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systems and not  cause clogging of o i l  screens o r  valves. 
No. 2 .  Usable temperature range not  spec i f i ed  bu t  generally-between -32°C 
and +93"C (-35OF and 4-200 OF). 

ASTM Color Code 

- Uses: This f l u i d  is intended f o r  use i n  connection wi th  the  hy- 
d r a u l i c  transmission of power, p a r t i c u l a r l y  i n  Naval ordnance hydraulic 
equipment. 

Limitations: Not f o r  high temperature appl ica t ions  s ince  f l u i d  
i s  inflammable. 

4.1.11 MIL-H-19457B (Ships): Hydraulic Fluid,  F i r e  Res is tan t  (Typ e I--Low 
Viscosity,  NATO Code H-550; Typ e 11--High Viscosity,  NATO Code, 
None > 

General c h a r a c t e r i s t i c s :  These two v i s c o s i t y  grades of non- 
petroleum base, f i r e  r e s i s t a n t ,  hydraulic f l u i d s  are compositions of phos- 
phoric ac id  base and such other ingredients as are required t o  m e e t  s p e c i f i -  
ca t ion  requirements. These f l u i d s  are dyed green f o r  i den t i f i ca t ion .  The 
operating temperature range i s  not spec i f ied ,  but t he  f l u i d s  are intended 
f o r  l o w  ambient temperatures; above -18°C (OOF) f o r  Type I and above -4°C 
(+25OF) f o r  Type 11, and f o r  moderate high temperatures t o  roughly 93OC 
(+200°F). The minimum compression combustion r a t i o  i s  42.0. 

- Uses: These f i v e  r e s i s t a n t  hydraulic f l u i d s  are intended f o r  
use i n  high-pressure hydraulic systems a t  moderage temperature ranges, and 
a l s o  f o r  use i n  a i r  compressors. 
b a l l  bearings and should provide a t  l e a s t  50% as good a bearing l i f e  as 
lub r i ca t ing  o i l ,  Mi l i t a ry  Symbol 2110 H (MIL-L-15017). 
compatible with buty l  rubber seals and packing. 

Also as a lubr icant  f o r  angular contact 

These f l u i d s  are 

Limitations: Material qua l i f i ed  under MIL-H-19457B (Ships) has 
a low ortho isomer content (TOCP equivalent 5 25%) i n  order t o  pass the  
spec i f i ca t ion  t o x i c i t y  requirements. 
has approved the  shipboard use of these qua l i f i ed  products as a r e s u l t  of 
c a r e f u l  consideration by a committee of competent tox ico logis t s .  
must be properly marked wi th  warning l abe l s  as required by the  spec i f i ca t ion .  

The Bureau of Medicine and Surgery 

Containers 

WARNING: TOXIC CONTAINS TRIARYL PHOSPHATE. 
AVOID INHALING, SWALLOWING OR CONTACT WITH 
SKIN. 
CLOTHING AND THOROUGHLY WASH EXPOSED SKIN. 

I N  CASE OF CONTACT, REMOVE SOILED 
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4.1.12 MIL-H-27601: Hydraulic Fluid, Petroleum Base, High Temperature, 
F l igh t  Vehicle (NATO Code: None) 

General charac te r i s t ics :  This l iquid is  a petroleum o r  synthetic 
hydrocarbon base f l u i d  with specif ied amounts of hindered bisphenol oxida- 
t i on  inh ib i tor  and t r i c r e s y l  phosphate antiwear additives.  No other addi- 
tives are t o  be used unless spec i f i ca l ly  approved. The finished f l u i d  has 
good thermal and e l e c t r i c a l  propert ies  and a v iscos i ty  index of 89 (min.). 
Usable temperature range of -40°C t o  +285"C (-40°F t o  +55OoF). 

- Uses: This hydraulic f lu id  i s  intended for  use i n  high-tempera- 
ture  hydraulic systems, pr incipal ly  fo r  f l i g h t  vehicles. 

Limitations: Not su i t ab le  o r  recommended for  very l o w  tempera- 
tu re  operation, Also, t h i s  f l u i d  is  not compatible with any other hydraulic 
f lu ids  except those meeting t h i s  specif icat ion.  

4.1.13 MIL-H-460018: Hydraulic Fluid,  Petroleum Base, for  Machine Tools 

Viscosity Range a t  38OC (100°F) 
NATO Code m2/sec (centistokes) 

5 P e  1 None 
5 P e  11 None 
Type I11 None 
5 P e  I V  None 

30-37 
42-52 
62-70 

106-121 

General charac te r i s t ics :  These multigrade hydraulic f lu ids  are 
a petroleum base f l u i d  and additives necessary t o  meet specif icat ion require- 
ments; i.e., oxidation, pour point,  v iscosi ty ,  foam, etc. A l l  f lu ids  
have a viscos i ty  index of 80. 
but ambient temperatures should be  above -7°C (+20°F) and the f lu ids  should 
be sa t i s fac tory  up t o  +121"C t o  +149"C (+250°F t o  +300"F). 

Operating temperatures are not specified 

U s e s :  These hydraulic f lu ids  are intended fo r  use i n  hydraulic 
systems of m e t a l  working machine tools.  
upon the viscosi ty  recommendations of machine too l  marmfacturers. 

The type selected should be based 

Limitations: Not su i tab le  fo r  l o w  temperatures, below -7°C (20OF). 

D o  not mix with any other f lu ids  except those 
Fluids s h a l l  contain no admixtures of res ins ,  soaps, germs, f a t t y  acids ,  
nor oxidized hydrocarbons. 
t o  t h i s  specification. 
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4.1.14 MIL-H-46004(0rd): Hydraulic Fluid,  Petroleum Base Missile (NATO 
Code: None) 

General c h a r a c t e r i s t i c s :  This spec i f i ca t ion  covers a low v i scos i ty ,  
petroleum base l i qu id  wi th  add i t ives  to  improve oxidation r e s i s t ance  and 
antiwear proper t ies  ( t r i c r e s y l  phosphate, 0.5 f 0.1% by weight as the  spec i f i ed  
antiwear agent). 
v i s c o s i t y  index improvers, admixtures of r e s i n s ,  rubber, soap, gum, f a t t y  
o i l s ,  oxidized hydrocarbons, nor other add i t ives  not  approved. This f l u i d  
has a v i s c o s i t y  of 300 x loe6 m2/sec (300 cent i s tokes)  a t  -54°C (-65°F) and 
a pour poin t  of -59°C (-75°F). 
purposes. Operating temperatures are not  spec i f i ed ,  bu t  generally are i n  
t h e  range -59°C (-75°F) t o  -7°C (3-20°F). 

The f in i shed  f l u i d  must contain no pour poin t  depressants,  

The l iqu id  i s  dyed yellow f o r  i d e n t i f i c a t i o n  

- Uses: This l i q u i d  is designed f o r  use i n  m i s s i l e  hydraulic sys- 
tems appl ica t ions  a t  ambient temperatures below -7°C (+20"F). 

Limitations: This l i qu id  i s  not f o r  high temperature o r  high 
load appl ica t ions .  It is  no t  interchangeable wi th  Hydraulic Fluid,  Castor 
Base (blue co lo r ) ,  Spec i f ica t ion  MIL-H-7844. This l i qu id  s h a l l  not be 
mixed with,  bu t  may be subs t i t u t ed  fo r ,  Hydraulic F lu id ,  Petroleum Base, 
Spec i f ica t ion  MIL-H-5606B, f o r  low temperature operation. Contains tri- 
c r e s y l  phosphate and is harmful i f  swallowed; keep away from food and food 
products. 

4.1.15 MIL-S-46013(MR): S i l icone  Fluid,  Shock Absorber, Arc t ic  (NATO Code: 
None) 

General c h a r a c t e r i s t i c s :  This spec i f i ca t ion  covers one type of 
s i l i c o n e  base f l u i d  compounded wi th  appropriate d i e s t e r  lubricant.  Viscosity 
requirements vary from: 
a t  -55°C (-67°F) t o  200 x lom6 m2/sec (200 cent i s tokes)  a t  100°C (212°F). 
Operational f l u i d  temperature range i s  -55°C t o  3-150°C (-67°F t o  3-302OF). 

120,000 x 10-6 m2/sec (120,000 cent i s tokes)  maximum 

- Uses: This shock absorber f l u i d  i s  intended f o r  use i n  ro t a ry  
shock abosrbers of Army vehicles throughout the  spec i f i ed  temperature range. 

Limitations: Fluid s h a l l  be clean, t ransparent ,  and homogeneous , 
f r e e  from water, sediment, suspended matter and undissolved addi t ives .  
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4.1.16 MIL-P 46046A(MR): Preservative Fluid, Automotive Brake System and 
Components (NATO Code: None) 

General characteristics: This specification covers one type and 
grade and three compositions of preservative brake fluid. 
gredients and quantity of each in the three compositions 1, 2, and 3 are 
specified, Castor oil is the base fluid for all three compositions. Solvents 
specified are: Composition 1, 3-methoxy butanol-1; Composition 2, B'methoxy- 
methoxyethanol; Composition 3, diethylene glycol monomethyl ether-ethylene 
glycol monobutyl ether mixture. Borax-glycol condensate is the specified 
corrosion inhibitor for all three compositions. The antioxidants specified 
are: 
tions 1 and 2 ;  di-t-butyl-p-cresol for Composition 3,  Operating tempera- 
ture range is  not specified but is not recommended for low temperatures. 

Both the in- 

either hydroquinone or 2,5-ditertiarybutal dydroquinone for Composi- 

- Uses: Intended for use in preserving automotive hydraulic brake 
systems of vehicles in storage. Also for use as a packaging fluid for both 
wheel cylinders and master cylinder assemblies. Fluid may also be used as 
an activating fluid in test stands for testing hydraulic brake parts for 
flaws and defects. Fluid will perform as a heavy-duty brake fluid at tem- 
peratures above -18°C (0°F). This permits the movement of vehicles in 
limited operation in moderate and warm climates. 

Limitations: Avoid prolonged breathing of vapors, and use with 
adequate ventilation. Avoid repeated or prolonged contact with skin. 

4.1.17 MIL-H-81019: Hydraulic Fluid, Petroleum Base, Ultra-Low Tempera- 
ture (NATO Code: None) 

General characteristics: This liquid is a very low temperature, 
petroleum base, hydraulic fluid containing specified additives to improve 
viscosity temperature characteristics, oxidation resistance and antiwear 
properties. The fluid has a pour point of -68°C (-90°F) and a storage life 
of 12 months. Operating temperature range -68°C to -&99"C (-9OOF to +210°F). 

- Uses: Intended for use in automatic pilots, shock abosrbers, 
brakes, flap-control mechanisms, missile hydraulic servo-controlled systems, 
and other hydraulic systems using synthetic sealing materials. 

Limitations: This fluid is not interchangeable with any other 
type or grade of hydraulic fluid than Specification MIL-H-5606B which is 
to be substituted only in emergencies. 
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4.1.18 MIL-S-81087A: S i l icone  Fluid,  Chlorinated Phenyl Methyl Polysiloxane 
(NATO Code: H-536) 

General c h a r a c t e r i s t i c s :  This spec i f i ca t ion  covers two types of 

Type 
containing only dimethyl s i l oxy  and methyl chloro- 

Type I1 f l u i d  

methyl chlorophenyl-polysilaxane f l u i d  f o r  l ub r i ca t ion  and o the r  applica- 
t i o n s  over a wide temperature range. 
I f l u i d  is  a copolymer 
phenyl s i loxy  u n i t s ,  with erimethyl s i loxy  terminal groups. 
i s  a Type I f l u i d  wi th  t h e  addi t ion  of an oxidation inh ib i tor .  

It has good thermal s t a b i l i t y .  

- Uses: This f l u i d  i s  f o r  l ub r i ca t ing ,  hydraulic damping, and 
r e l a t e d  appl ica t ions  over the  temperature range of -73°C t o  +260"C (-100°F 
t o  +500°F), including hydraulic systems and servomechanisms; crankcase 
and gear boxes f o r  mechanical dr ives  and compressors, engines and pumps; 
b a l l ,  sleeve, and p ivot  bearings i n  instruments, e l ec t ron ic  equipment, 
e l e c t r i c  motors, etc.; clocks and timing devices; f l u i d  transmissions. 
Type I is  not oxidation inh ib i t ed ,  and i n  appl ica t ions  where it i s  exposed 
t o  a i r ,  the  temperature range i s  -73°C t o  +218"C (-100°F t o  4425°F). Type 
I1 f l u i d  i s  inh ib i ted  and i s  s u i t a b l e  f o r  use i n  oxidative environments 
over t he  -97°C t o  I-260°C (-100°F t o  +500"F) range. 

Limitations: Type I1 f l u i d ,  when exposed t o  temperatures above 
+260"C (500°F) i n  an i n e r t  abnosphere, has a tendency f o r  t he  oxidation 
i n h i b i t o r  t o  separa te  forming a s o f t  gelatinous sludge o r  p r e c i p i t a t e  
which w i l l  no t  decrease l u b r i c i t y ,  but may cause a pressure drop i n  systems 
having f i l t e r s  or  s m a l l  o r i f i c e s .  Type I1 should be reserved f o r  severe 
and r e l a t i v e l y  continuous oxidizing environments. Neither type should be 
mixed with any other l ub r i ca t ing  o i l  o r  hydraulic f l u i d .  When replacing 
another o i l  wi th  t h i s  f l u i d ,  p a r t s  must be disassembled and cleaned wi th  
solvents.  

4.1.19 MIL-H-83282: Hydraulic Fluid,  F i r e  Res is tan t ,  Synthetic Hydro- 
carbon Base, A i r c r a f t  

General c h a r a c t e r i s t i c s :  Synthetic hydrocarbon base stock hy- 
d r a u l i c  f l u i d  containing only spec i f ied  oxidation i n h i b i t o r  (phenolic type) 
and antiwear agent ( t r i c r e s y l  phosphate) additives.  

Uses: F i r e  r e s i s t a n t  hydraulic f l u i d  f o r  use i n  a temperature 
range from -40°C t o  +135"C (-40°F t o  275°F) i n  automatic p i l o t s ,  shock 
absorbers, brakes, f lap-cont ro l  mechanisms, m i s s i l e  hydraulic f l u i d  servo- 
cont ro l led  systems, and o ther  hydraulic systems using synthe t ic  sea l ing  
materials. 

BII -42  



Limitations: N o t  interchangeable with any other type or  grade 
of hydraulic f lu id ,  but  s h a l l  be miscible with MIL-H-46004 hydraulic f luids .  
No pour point depressant or  v i scos i ty  index improver permitted. 
i n  any appl icat ion where it could, i n  any way, contaminate foodstuff. 

Do not use 

4.1,20 MIL-H-83306(1): Hydraulic Fluid, F i re  Resistant,  Phosphate Ester 
Base , Aircraf t  

General charac te r i s t ics :  Phosphate ester base hydraulic f l u i d  
containing additives as necessary t o  m e e t  the 'fequirements of t h i s  specif ica-  
t ion.  The use of dye is  allowed. 

- U s e s :  This f i r e  r e s i s t a n t  hydraulic f l u i d  is  intended fo r  use i n  
the temperature range from-54OC (-65°F) t o  4-106°C (4-225"F) i n  a i r c r a f t  sys- 
t ems . 

Limitations: This f lu id  i s  not interchangeable with any other 
Not miscible nor compatible with MIL- type o r  grade of hydraulic f luid.  

H-5606 hydraulic f l u i d  nor with synthetic (Buna N) rubber seals used i n  
systems tha t  operate on MIL-H-5606 f lu id ,  Should be stored, covered or  
uncovered a t  temperatures from -40°C t o  -ft9"C (-40°F t o  120°F). 
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FEDERAL SPECIFICATION: W-L-800A LUBRICATING O I J > ,  

GENERAL PURPOSE, PRESERVATIVE (WATER D I S P L k I N G ,  LOW TEMPERATURE) 

PROPERTIES 
SPEC. BRAYCO PETROTECT 
REQ . 300* 800** 

ZRAVIW, API 

SPECIFIC GRAVITY, 16"Cl l6'C (60°F/600F) 

COLOR, ASTM, Max. 

FLASH POINT, COC, Min. 

POUR POINT, Max. 

VISCOSITY, 10-6 m'/sec (cs.) 
a t  38'C (LOO"F), Win. 
a t  -4O'C (-40"F), Max. 
a t  -54°C (-6S°F), Max. 

PRECIPITATION NUMBER,  tu., 10-6 m3 (ml.) 

CORROSION AND OXIDATION STABILIlY, Weight 
Change, 10-lo kg/rn2 (mg/cm2) 
Copper 
S tee l  
A l im i num 
Magncs ium 
Cadmium 
P i t t i ng  o r  Etching, Under 20X 
Percent Change i n  Viscosity a t  38°C 

Increase i n  Neutralization Number, 

Insolubles o r  Guming 

(lOO°F) 

10-3 kg. KOII/kg (mg. KOlI/g) (max.) 

COPPER CORROSION, AS'JM Scale, M a x .  

EVAPORATION LOSS AT 99°C (210°F), Max., % 

CORROS T ON PROTECTION 
Humidity Cabinet, Sandblasted S t e e l  at  

38°C (l0O0F), 100% Relative IIumidity, 
Days (min.) 

Water Displacement and S t a b i l i t y  
O i l  as Received, Rust or S ta ins  
After Storage with Water, Rust or Stains 

(80°F) and 50% HI1 
Corros iv i ty ,  Brass-Steel,  10 Days, 27°C 

CLOUD INTENSITY, -54'C (-65OF) fo r  72 hr .  
&l, Crys ta l s ,  Solids o r  Separation 
Compared t o  Turbitary Standard 

FILM CWCTERISTICS 

a t  99°C (210°F) 
No Gum, Tack o r  IIardness After 24 hr. 

7.0 

135°C (275°F) 

-57OC (-70'F) 

12 
7,000 

60,000 

0.05 

+ 0.2 
0.2 
0.2 
0.2 
0.2 

None 

-5 t o  i 2 0  

0.20 
None 

3.0 

18 

8.0 

None 
None 

Nonc 

None 
< Standard 

None 

30.0 

0.8762 

4.0 

146°C (295'F) 

-59°C (-75°F) 

12.87 
4,868 

52,313 

0.00 

0.0 
0.0 
0.0 
0.0 
-0.01 

None 

4.8 

0.05 
None 

16.0 

- 

8+ 

None 
Nonc 

Nonc 

None 
Pass 

Nonr 

3.5 

143'6 (290'F) 

< -59°C (C -75°F) 

12.31 
3,605 

38,660 

OK - t r ace  

-0.04 
-0.02 
-0.02 
-0.01 
-0.04 
None 

+3.3 

0.11 
None 

Pass 

- 

Pass 

None 
Nonc 

None 

None 
Pass  

Pass 
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FEDERAL SPECIFICATION: W-L-800A LUBRICATING OIL,  

GENJZRAL PURPOSE, PRESERVATIVE (WATER DISPLACING, Low TEMPERATURE) 

SPEC BRAYCO PETROTECT 
PROPERTIES REQ. 300* 800* 

lEM0VABILITY 
Naphtha Rinse After Humidity Tes t  Pass Pass Pass 

[ACHINE GUN PERFORMANCE, 0.50 C a l . ,  
M-2 a t  -57OC (-70°F) No stoppage Pass 

Bray O i l  Company 
9~ Pennsylvania Refining Company 

OTES: For d e s c r i p t i o n  of t h i s  l u b r i c a t i n g  o i l  and recommended usage see Section 11. 

I n  a d d i t i o n  t o  the  products l i s t e d ,  t h e  following o i l s  suppl ied  by t h e  l i s t e d  manufacturers 
m e e t  the genera l  r e q u i r m c n t s  of t h i s  s p c c i f i c a t i o n .  

Product Name Manufacturer 

Rust F o i l  No. 2675 Frankl in  O i l  Corporation 
PQ Rust Preventive 

No. 172 American O i l  and Supply Company 
Nox-Rust 518, Codr R-62- 

203-1 Daubert Chemical Company 
Tecty l  893 Valvoline O i l  Company 
Royco 308 Royal Lubricants Company 
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FEDERAL SPECIFICATION: VV-L-825a 

LUBRICATING OIL, REFRIGERANT COMPRESSOR, 1YPE I1 

PROPERTIES 
SPEC. REQ. CAMPELLA NATOR 
TYPE I1 O I L  D* 825-11* 

XAVITY, MI 

SPECIFIC GRAVITY, 16°C/16"C (60°F/60'F) 

:@LOR, ASTM D1500 

FLASH POINT, COC (min.) 

POUR POINT (max.) 

FLOCK POINT (max.) 

61SCOSITY, a t  38°C (lOO°F), m2/sec 

a t  99°C (210°F), m2/sec (Cs.) 
(CS.) 

VISCOSITY INDEX 

REACTION 

NEUTRALIZATION NUMBER, kg. KOH/kg 
(mg. KOH/g), Max. 

DIELECTRIC STRENGTH, lo3 v. (kv.), Min. 

CORROSION (< copper s t r i p ,  3 h r .  a t  100°C 
(212°F)) 

JOURNAL BEARING TEST (200 hr .  a t  135°C 
(275"F), 3,501) rpm) 

CAREON RESIDUE, % Max. 

ASH, %Max. 

- 
- 

Report 

177°C (350'F) 

-32°C (-25'F) 

-32°C (-25'F) 

61.5 t o  69.0 

- 

Neutral  

0.05 

25 

Pass 

Pass 

0.3 

0.005 

23.6 

0.9123 

- 
204°C (400'F) 

-4OOC (-4O0F) 

- 

65.8 
6.5 

30 

- 

0.02 

- 

Pass 

- 
- 

26.9 

0.8933 

1.0 

204OC (400'F) 

-34OC (-30'F) 

-43°C (-45OF) 

61.5 
7.0 

70 

0.01 

35 

Pass, la 

- 
0.002 

$c Texaco, Inc. 
k* Humble O i l  and Refining Company. 

NOTES: 1. Ty:>e I1 o i l  is intended f o r  usc with  rcc ipmcat ing- type  r a f r i g c r a n t  compressor r e f r ige ran t s  
(i .e. ,  Frcon 12, methylchloride,  o r  ammonia). 

2. Jn add i t ion  t o  Type 11, whose spcc i f i ca t ion  proper t ies  a r c  shown i n  t h i s  tab le ,  t h i s  spec- 
i f i c a t i o n  a l s o  covers th rce  o ther  types of o i l  which have a v i scos i ty  range approximately 
one-half t h a t  of Type 11, bu t  otherwise have similar properties.  

a .  
b. 
c. Typc  I V ,  intcndcd f o r  use i n  comprcssor systcms using Freon 22 o r  similar re f r ige ran t s .  

Type I, intcnded f o r  usc w i t h  r c f r igc ran t  c h p r c s s o r  systems using su l fu r  dioxide. 
Type 11, intended f o r  spec ia l  appl ica t ions  such as Lxgo-stage ro t a ry  compressors. 

3.  

4 .  I n  add i t ion  t o  the products l i s t e d ,  tlie following o i l s  supplied by the  l i s t e d  manufacturers 
mrct the  g rne ra l  requirements of t h i s  spcc i f i ca t ion ;  however, no s p e c i f i c  da t a  on t h e i r  
propcrt  ics is ava i lah  le ,  

For descr ip t ion  of  l ub r i ca t ing  o i l  composition and recommended usage see  Section 11. 

~- Product Name Manufacturer 

Calvis 300 Davis, Howland O i l  Corporation 
Protcxol Ref r igerant  

Compressor O i L ,  
Type I1 

Camproil 11 
Goldcn Bear Oil Company 
Octagon Proccss , Inc. 
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FEDERAL SPECIFICATION: VV-L-1071 

LUBRICATING OIL, STEAM CYLINDER, MINERAL 

SPECIFICATION REQUIREMENTS 
PROPERTIES MILITARY SYMBOL MILITARY SYMBOL 

5190 5230 

SPECIFIC GRAVITY - - 

COLOR, ASTM, Max. - 
FLASH POINT, Min. 

POUR POINT, Max. 16°C (60°F) 

- 

274°C (525°F) 304°C (580'F) 

16°C (60°F) 

VISCOSITY: 10-6 m2/sec (cs.) 
a t  99°C (210°F) 38.45 - 47-20 47.20 - 51.50 

VISCOSITY INDEX - 90 

NEUTRALITY, Q u a l i t a t i v e  N e u t r a l  N e u t r a l  

A C I D  AND BASE NUMBER; Max. 
10-3 kg. KO€l/kg (mg. KOH/g) 

CORROSION: Copper S t r i p  a t  100°C 
( ~ 1 2 " ~ )  (ASTM s c a l e )  

0.15 0.10 

1 Max. 1 M a x .  

WATEK, % None None 

ASH, %, Max. 0.05 0.05 

C U B O N  RESIDUE, %. Max. 3.25 3.25 

NATURE OF CARBON RESIDUE Loose & Flaky Loose & Flaky 

TOTAL SULFUR, %, Max. 0.50 0.50 

PRLCIPITATION NUMBER, Max., 10-6 m3 (rill.) 0.05 0.05 

SAPONIFICATION NLWBEK, Max. 0.5 0.5 

LUBRICANT BASE STOCK Mineral  o i l  Mineral  o i l  

ADDITlVES Pour p o i n t  
Depressant  on ly  

Pour p o i n t  
Depressant  on ly  

NOTES: For a d e s c r i p t i o n  of t h e s e  l u b r i c a t i n g  o i l s  and recommended usage see S r c t i o n  11. 

_I__ 
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MILITARY SPECIFICATION : MIL- L-2 104B 

LUBRICATING OIL, INTERNAL CU4BUSTION ENGINE (HEAVY DUTY) GRADE 10 

C I T W  GLIULUBE* PHILLIPS 66** 
SPEC. 93116 OIL X HD . HDS OIL (4414) 

PROPERTIES WQ. SAE low SAE low SAE low 

GRAVITY, API 

FLASH POINT, COC, Min. 

FIRE POINT, COC, Min. 

POUR POINT, Max. 

STABLE POUR POINT, Max. 

VISCOSITY, 10-6 m2/sec (cs.) 
a t  -18% (0°F) 
a t  38°C (100'F) 
a t  99°C (210'F) 

VISCOSITY INDEX 

FOAM CHARACTERISTICS (Method 
D 892), m3 (ml.) 
Foam, 10 Min. S e t t l i n g  

(a) Sequence 1, 24°C 

(b) Sequence 2, 93OC 

(e)  Sequence 3, 24°C 

(75OF) 

(200'F) 

(75'F) ( r e t e s t )  

NEUTRALIZATION NUMBER, 10-3 
kg. KOHIkg (mg. KOH/g) 

COLOR, AS?M D 1500 

CARBON RESIDUE, % 

OXIDATION CHARACTERISTICS, 
CLR ENGINE (Method 3405) 

RING, STICK, WEAR AND DEPOSIT 
FORMATION UNDER HIGH TENP. 
(Method 346) 

LOW TmPERATURE DEPOSIT 
PROPERTIES (Method 348) 

MOISTURE CORROSION 

VISCOSITY INDEX IMPROVER 

OXIDATION INHIBITOR 

DETERGENT 

PHOSPHORUS, % 

CHLORINE (bomb), % 

SULFUR (bomb), % 

SULFATED RESIDUE, % 

ZINC, % 

- 
182°C (360°F) 

-29°C (-20'F) 

-29°C (-20°F) 

2,614 
- 

5.44 t o  7.29 

300 

25 

300 

Report 

Present 

Pas s 

Pass 

Pass 

Pass 

- 
- 
- 

Present 

Present 

Present 

Present 

Present 

30.5 

199°C (390'F) 

227°C (440'F) 

-29'C (-20'F) 

-29°C (-20°F) 

2,614 
35.3 t o  37.5 

5.44 Min. 

100 

Pass 

Pass 

Pass 

4.0 

1.1 

Pass 

Pass 

Pass 

Pass 

No 

Yes 

Yes 

0.07 t o  0.09 

- 
0.22 t o  0.32 

0.75 t o  0.90 

0.08 t o  0.10 

30.3 

216OC (420°F) 

246OC (475°F) 

- 

1,820 
38.6 

6.10 

113 

5 

10 

5 

1.7 

3.0 

0.80. 

Pass 

Pass 

Pass 

Pass 

- 

- 
0.08 

Nil 

0.72 

0.08 

- 
204OC (400°F) 

232°C (450'F) 

- 

- 
37.5 t o  40.8 
6.04 t o  6.15 

100 

Pass 

Pass 

Pass 

- 
- 

Pas s 

Pds s 

Pass 

Pass 

- 
Yes 

Yes 

- 

- 
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MILITARY SPECIFICATION: MIL-L-2 1048 

LUBRICATING OIL, INTERNAL COMBUSTION ENGINE (HEAVY DUTY) GRADE 10 

I CALCIUM, % Present 0.18 t o  0.12 N i  1 

C i t i e s  Service O i l  Company - .  ** 
*** Phi l l i p s  Petroleum Company 

Gulf Research and Development Company I 
NOTES: For desc r ip t ion  of t h i s  lubr ica t ing  o i l  and recommended usage, see  Section 11. 

In add i t ion  t o  the  products l i s t e d ,  most of the  c m e r c i a l  petroleum and lubr ica t ion  companies 
manufacture general  purpose lubr ica t ing  o i l s  which meet the  requirements of t h i s  spec i f ica-  
t ion .  Some of these are: 

AMERICAN SUPERMIL MOTOR OIL,  American O i l  Company; A T M T I C  MIL-L-2104B OIL, At lan t ic  Refining 
Company; BRAYCO 421, Bray O i l  Company; FRANKLIN 21048 MOTOR OIL ,  Franklin O i l  Corporation; 
2083 MOTOR OIL ,  Humble O i l  and Refining Company; SHELI.MIL A OIL,  Shell  Oil Company; S 600A. 
S 6451, Socony Mobil O i l  Company, Inc.; SUNOCO OCNUS HD, Sun O i l  Company; URSA O I L  EXTRA 
DUTY, Texaco, Inc. 
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MILITARY SWCiFICATION: MIL-L-2 1048 

LUBRICATIRG OIL, INTERNAL COMBUSTION ENGINE (HEAVY DUTY), GRADE 30  

CITGO* GULFLUBE** TAGOLINE*** 
SPEC. 93116 OIL X HD s -2 

PROPERTIES WQ . SAE 30 SAE 30 SAE 30 

GRAVITY,  API 

FLASH POINT, COC, Min. 

FIRE POINT, COC, Min. 

POUR POINT, Max. 

STABLE POUR POINT, Max. 

VISCOSITY, m2/sfc (Cs .) 
a t  -18'C (0 OF) Max. 
a t  38OC (100'F) 
a t  99'C (210OF) 

VISCOSITY INDEX 

FOAM CHARACTERISTICS (Mcthod 
D 8921, 10-6 m3 ( m l . )  
foam, 10 Min. S e t t l i n g  

(a) Sequence 1, 24OC 

(b) Sequence 2, 93OC 

(c) Sequence 3, 24OC 

(75OF) 

(ZOOOF) 

(75'F) (retest) 

NEUTRALIZATION NUMBER, 10-3 
kg. KOH/kg (ms. KOli/g) 

COLOR, ASTM D 1500 

CARBON RESIDUE, % 

OXIDATION CHARACTERISTICS, 
ELR ENGINE (Method 3405) 

RING STICK, WEAR AND DEPOSIT 
FORMATION UPlDER HIGH TEMP, 
(Method 346) 

LOW TEMPERATURE DEPOSIT 
PROPERTIES (Method 348) 

MOISTURE CORROSION 

VISCOSITY INDEX IMPROVER 

OXIDATION INHIBITOR 

DETERGENT 

PHOSPHORUS 

- 
199OC (390'F) 

- 
-18°C (O'F) 

- 

43,570 

9.65 t o  12.98 

3 00 

25 

300 

Report 

P r e s e n t  

Pass  

Pass  

Pass  

Pass  

P r e s e n t  

28.5 

243OC (470OF) 

277OC (530'F) 

0 

21,700 
93 

11.30 t o  12.13 

95  

Pass  

Pass  

Pass  

5.0 

1.1 

Pass  

Pass  

Pass  

Pass  

No 

Yes 

Y e s  

0.07 t o  0.09 

. 28.8 28.3 
. .... * 

266OC (510°F) 266OC (510°F) 

291OC (5S5OF) - 
0 0 

9,760 13,500 
100 115 

11.10 11.9 

103 100 

5 

15 

0 

1.7 

L 3.0 

0.82 

Pass  

Pass  

Pass  

- 

0.93 

Pass  Pass  

Pass  

Pass  

Pass  

- 

0.08 

Pass  

Pass  

Pass  

- 

0.07 
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MILITARY SPECIFICATION: MIL-L-2 104B 

LUBRICATING OIL, INTERNAL CCNBUSTION ENGINE (HEAVY DUTY), GRADE 30 
-, ---__1 

CITG0-k GULFLUBE** TAGOLINE*** 
S PEG, 93116 OIL x HD s-2 

PROPERTIES MQ. SAE 30 SAE 30 - SAE 30 

CHLORINE (bomb), % 

SULFUR (bomb), % 

SULFATED RESIDUE, % 

Z I N C ,  % 

CALCIUM, % 

Present  N i l  

P resent  0.22 t o  0.32 - 
Present  0.75 t o  0.90 0.72 

Present  0.08 t o  0.10 0.08 

Present  0.28 to  0.22 N i l  

N i l  

0.20 

0.84 

0.07 

0.08 

* C i t i e s  S e r v i c e  O i l  Company 

+:e* S k e l l y  O i l  Company 

+' Gulf Research and Development Company 

NOTES: For d e s c r i p t i o n  of t h i s  l u b r i c a t i n g  o i l  and recommended usage s e e  Sec t ion  11. 

I n  a d d i t i o n  t o  t h e  products  l i s t e d ,  most of  t h e  commercial petroleum and l u b r i c a t i o n  companies 
manufacture genera l  purpose l u b r i c a t i n g  o i l s  which meet t h e  requirements of t h i s  s p e c i f i c a -  
t i o n .  Some of these  a r e :  

Product Name Manufacturer 
American Supermil Motor O i l  
A t l a n t i c  Mil-L-2104B O i l  A t l a n t i c  Refining Company 
Brayco 423 Bray O i l  Company 
F r a n k l i n  2104B Motor O i l  
2085 Motor O i l  
She l lmi l  B O i l  S h e l l  O i I  Company 
S 600 6 ,  S 645 C Socony Mobil O i l  Co., Inc.  
Sunoco Ocnus HD Sun Oil Company 

American O i l  Company 

Frankl in  O i l  Company 
Humble O i l  and Refining Co. 

URSA O i l  Extra  Duty PeXdCO, LIlC. 

I 
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MILITARY SPECIFICATION: MIL-L-2 104B 

LUBRICATING OIL, INTERNAL COMBUSTION ENGINE (HEAVY DUTY), GRADE 50 

C I T W  GULFLUBE** PHILLIPS 66* 
SPEC. 93116 OIL x HD ms OIL (4454) 

PROPERTIES REQ. SAE 50 SAE 50 SAE 50 

XAVITY,  API 

PLASH POINT, COC, Min. 

F I R E  POINT, COC, Min. 

POUR POINT, Max. 

STABLE POUR POINT, OF Max. 

VISCOSITY, 10-6 m2/sec (cs.), 
at  -18'C (O'F), M a x .  
a t  99°C (210'F) 
a t  38°C (100'F) 

VISCOSITY INDEX, Min. 

FOAM CHARACTERISTICS (Method D 892) 
m 3  (ml.) Foam, 10 Min. 

S c t t  l i n g  
(a) Sequence 1, 24°C (75OF) 
(b )  Sequence 2,  93°C (200'F) 
( c )  Sequence 3 ,  24°C (75'F) 

(retest) 

lEUTRALIZATION NUMBER, kg. 
KOH/kg (mg KOH/g) 

COLOR, AS'IM D 1500 

CARBON ESIDUE, % 

OXIDATION CHARACTERISTICS, CLR 
ENGINE (Method 3405) 

R I N G ,  STICK, WEAR AND DEPOSIT 
FORMATION UNDER HIGH TEMP. 
(Method 346) 

LOW TEMP. DEPOSIT PROPERTIES 
(Method 348)  

MOISTURE CORROSION 

VISCOSITY INDEX IMPROVER 

OXIDATION INHIBITOR 

DETERGENT 

PHOSPHORUS, % 

CHLORINE (bomh), 7. 

- 
2 0 4 Y  (400'F) 

- 
-9°C (+15OF) 

- 

16.83 t o  22.7 
- 

75 

300 
25 

300 

Report  

Prcs  e n  t 

Pass  

Pass  

Pass  

Pass  

- 

- 

Prc s cn t 

P r c s c n t  

27.0 

249°C (480OF) 

293OC (560'F) 

- 15 'C '(5 OF) 

- 

- 
19.9 t o  21.0 

275 

95 

Pass  
Pass 

Pass  

- 

6.0 

1.1 

Pass  

Pass  

Pass  

Pass  

No 

YCS 

PCS 

0.07 to  0.09 

- 

26.5 

282°C (540'F) 

316OC (60O0F) 

-15T (5OF) 

- 

- 
19.9 

247 

99 

0 
10 

0 

1.7 

4.5 

0.98 

Pass 

Pass  

Pass  

Pass  

- 

- 

- 

0.08 

N i  1 

- 
246% (4J5"F)- 

282% (540'F) 

-15°C (5°F) 

- 

- 
20.4 t o  21.3 
260 t o  28 

95 

Pass  
Pass  

Pass  

Pass 

Pass 

Pass  

Pass  

- 
Yes 

Yes 
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MILITARY SPECIFICATION : MIL-L-2 104B 

LUBRICATING OIL, INTERNAL CCMBUSTIEJN ENGINE (HEAVY DUTY), GRADE 50 
vP 

CITGO* GUULUBEM PHILLIPS 66"**~ 
SPEC 93116 OIL x HD HDS OIL (4454) 

PROPERTIES REQ. SAE 50 SAE 50 

SULFUR (bomb), % Present 0.22 t o  0.32 

SULFATED RESIDUE, % Present 0.75 t o  0.90 0.70 

Z I N C ,  % Present 0.08 t o  0.10 0.08 

CALCIUM, % Present 0.18 t o  0.22 N i l  

* C i t i e s  Service O i l  Company 
** 
*** P h i l l i p s  Petroleum Company 

NOTES: For descr ip t ion  of t h i s  lubr ica t ing  o i l  and recormnended usage see  Section 11. 

I n  addi t ion  t o  t h e  products l i s t e d ,  most of  the comerc ia2  petroleum and lubr ica t ion  c m p a n i e s  

Gulf Research & Development Company 

I 
1 

manufacture general  purpose lubr ica t ing  o i l s  which meet the  requirements of this  s p  c i f i c a t i c n ,  
Some of these a r e :  

Product Name 

American Supermil Motor O i l  
At lan t ic  MIL-L-2104B O i l  
Brayco 425 
Franklin 2104B Motor O i l  
2087 Motor O i l  
Shelmil B O i l  
S 600E, S 645E 
Sunoco Ocnus ID 
URSA O i l  Extra Duty 

Manufacturer 

American O i l  Company 
At lan t ic  Refining Company 
Bray O i l  Company 
Franklin O i l  Corporation 
Humble O i l  and Refining Company 
Shel l  O i l  Company 
Socony Mobil O i l  Company, Inc. 
Sun O i l  Company 
Texaco, Inc, 
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MILITARY SPECIFICATION: MIL-L-2105B 

GULF MULTI- SHELL SPIREX** MULTIGEAR 
SPEC. PURPOSE* H.D. 80 LUB. 

PROPERTIES REP. GEARLUB. 80 59206 EP-80- 

GRAVITY, API 

FLASH POINT, COC, Min. 

FIRE POINT, COC 

POUR POINT, Max. 

CHANNEL POINT 

VISCOSITY, -18°C (OOF), 
10-6 m2/sec (cs.) ,  ax. 
38°C (100°F) (Cs.) 
99°C (210'F) (Cs.) 

VISCOSITY INDEX, Min. 

COPPER CORROSION, D 130, 
3 h r .  a t  121°C (250'F) 

COLOR, AS'IM D 1500 

SULFUR, % 

PHOSPHORUS, % 

CHLORINE, % 

LEAD, % 

ZINC, % 

NITROGEN, % 

CARBON RESIDUE, % 

FOAMING CHARACTERISTICS, 
10-6 m3 (ml..) foam 
a f t e r  5.0 min) 
(a) Sequence 1, 24°C (75'F) 
@) Sequence 2 ,  93°C (200'F) 
(c) Sequence 3, 24'C (75OF) 

( r e t e s t )  

MOISTURE CORROSION AXLE TEST 

THERMAL STABILITY 
(a) Viscosity Increase,  

@) N-Pentane Insolublcs,  

(c)  Benzene Inso lubles ,  

50 hr. ,  % 

% Weight 

% Weight 

HIGH SPEED SHOCK LOADING 

25 -2 

196OC (385OF) 

216°C (420'F) 

-34'6 (-30'F) 

< -34°C (< -30°F) 

23 

193OC (380°F) 

213°C (415OF) 

-34°C (-3O0F) 

24.5 

204% (400'F) 

229OC (445°F) 

-37°C (-35°F) 

-34°C (-30°F) 

163°C (325OF) 

- 
- 

-34°C (-3O0F) 

10,850 

8.8 t o  11.6 
- 

- 

8,820 
80.5 

9.12 

96 

6,300 
83.3 

9.79 

104 

- 
93 

9.62 

90 

< 2 C. 1.0 

L 3.5 

2.11 

0.14 

Trace 

N i l  

N i l  

0.053 

0.70 

Pass 

7.5 

- 

1 a. 

- 
1.3 

- 

- 

300 
50 

300 

Pass 

10 
15 

0 
10 

0 

- 
10 

Pass 

100 

3 

2 

Pass Pass 



MILITARY SPECIFICATION: MIL-L2105B 

LUBRICATING OIL, GEAR, MULTIPURPOSE, GRADE 80 

SPEC. PURPOSE* H.D. 80 

AXLE TORQUE TEST 
(a) Untreated Gears Pass Pass 
(b) Phosphate Treated Gears Pass Pass 

COMPATIBILITY (s h i l a r  
l u b r i c a n t s )  Pass Pass 

;k Gulf O i l  Corporation 
;:* S h e l l  O i l  Company 
whk Texaco, Incorporated 

NOTES: For  d e s c r i p t i o n  of t h i s  l u b r i c a t i n g  o i l  and recommended usage, s e e  Sec t ion  11. 

I n  a d d i t i o n  t o  t h e  products l i s t e d ,  many of t h e  commercial petroleum and l u b r i c a t i o n  companies 
manufacture multipurpose gear  l u b r i c a n t s  which meet t h e  requirements of t h i s  s p e c i f i c a t i o n ;  
some of these  a r e :  

Product Manufac t u r c r  

American Multipurpose Gear Lub. No. 80. American O i l  Company 
5420 EP Gear Oil Humble O i l  & Refining Company 
Esso Gear O i l  GX-80 Humblc O i l  & Refining Company 
PHILUBE 66 Gear O i l  SMP P h i l l i p s  Petroleum Company 

I 
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MILITARY SPECIFICATION: MIL-L-2105B 

LUBRICATING OIL, GEAR, MULTIPURPOSE, GRADE 90 

(MP) -90 GULF MULTI- TAGOLINE** 
SPEC. CITGO PREM. PURPOSE** MULTImTReOSE 

PROPERTIES BQ. GEAR OIL* GEAR LUB. 90 GEAR LUB. GL4 

GRAVITY, API 

FLASH POINT, COC 

FIRE POINT, COC 

POUR POINT, M a x .  

CHANNEL POINT, Max. 

VISCOSITY a t  -18°C ( O O F ) ,  
10-6 m2/sec (CS .) 
at  38°C (100'F) (Cs.) 
a t  99'C (210'F) (Cs.) 

VISCOSITY INDEX 

COPPER CORROSION, D 130 
(3 hr.  a t  121°C (250'F) 

COLOR, ASlM D 1500 

SULFUR, %Weight 

PHOSPHORUS, % Weight 

CHLORINE, % 

LEAD, % 

Z I N C ,  % 

NITROGEN, % 

CARBON RESIDUE,. % 

177Y (350V) 

- 

-18% (0°F) 

65,000 - 
16.8 t o  19.2 

- 

2 C. 

- 

- 
- 
- 

- 
FOAMING CHARACTERISTICS (D 892) 

m3 (ml.) Foam After  5.0 
Min. Foaming 

( a )  Sequence 1, 24°C (75°F) 300 
(b) Sequence 2,  93% (ZOOOF) 50 
(c) Sequence 3,  24OC (75'F) 

( r e t e s t )  300 

MOISTURE CORROSION AXLE TEST - 
(Method 5326) pass 

T H E W  STABILITY (Method 2504) 
(a) Viscosity Increase - 
(b) N-Pentane Inso lubI rs ,  

(c) Benzene Insolubes, 

50 h r . ,  % 1c 0 

% Weight 3 

% Weight 2 

nrm SPEED SHOCK LOADING 
(Method 6507) Pass 

AXLE TORQUE TEST (Method 6506) 
(a) Untreated Gears Pass 
(b) Phosphate-treated Gears Pass 

26 . 

182% (36d'F) 

199 ' C  "(39bOF) 
. .  

-15Y (5°F) 

65,000 
238 

18.0 t o  19.0 

90 

2 

2.0 t o  2.5 

0.10 t o  0.12 

Trace 

- 

- 

Pass 
Pass 

Pass 

- 

- 
- 

- 

24.5 

218°C (425OF) 

243°C (470OF) 

-9°C (15°F) 

< -18°C (< O°F) 

40,000 
216 

17.3 

94 

1.0 

L 4.0 

2.10 

0.14 

Trace 

N i  1 

N i l  

0.053 

0.82 

0 
0 

0 

Pass 

- 

Pass 

Pass 
Pass 

24.9 

338'C (460'F) 

- 
-18°C (OOF) 

None 

46,000 ' 

235 
18.8 

92.5 

None 

- 
0.335 

0.38 

1.33 

N i l  

0.35 
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MILITARY SPECIFICATION: MIL-L-2 105B 

LUBRICATING OIL, GEAR, MULTIPURPOSE, GRADE 90 

PROPERTIES 

(MP) -90 GULF MULTI- TAGOLINE** 
SPEC. CITGO PREM. PURPOSE* - MULTIPURPOSE 
WQ. GEAR OIL* GEAR LUB. 90 GEAR LUB. G r k  

:OMPATIBILIlY ( s i m i l a r  
l u b r i c a n t s )  

t C i t i e s  Serv ice  O i l  Company 
t* Gulf O i l  Corporat ion 
b%+ Skel ly  O i l  Company 

JOTES: 

Pass Pass 

For d e s c r i p t i o n  of  t h i s  l u b r i c a t i n g  o i l  and recommended usage s e e  Sec t ion  11. I n  a d d i t i o n  
t o  t h e  products  l i s t e d ,  many of t h e  commercial petroleum and l u b r i c a t i o n  companies manu- 
f a c t u r e  mult ipurpose g e a r  l u b r i c a n t s  which meet th is  s p e c i f i c a t i o n .  Some of t h e s e  a r e :  

Product Name Manufacturcr  

American Multi-Purpose Gear Lub. No. 
A t l a n t i c  U l t r a g e a r  O i l  
Esso Gear O i l  GX-90 
Phi lube 66 Gear O i l  SMP 
Spi rex  Heavy h t y  90 
Motrex 317, SAE 90 
Sunoco Multi-Purpose Gear Lub. GL-4 
Mul t igear  Lub. EP 90 

90 American O i l  Company 
A t l a n t i c  Refining Company 
Humble O i l  & Refining Company 
P h i l l i p s  Petroleum Company 
S h e l l  O i l  Company 
Socony Mobil O i l  Company, Inc. 
Sun O i l  Company 
Texaco, Incorporated 
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MILITARY SPECIFICATION: MIL-L-2105B 

LUBRICATING OIL, GEAR, MULTIPURPOSE , GRADE 140 

CITGO PH%. GULF MULTI- MULTIGEAR. 
SPEC. GEAR OIL* PURPOSE** . . *  m.- 

PROPERTIES WQ. (MP) - 140 GEAR LUB. 140 EP-140 
~ . I  

GRAVITY, API 

FLASH POINT, COC 

FIRE POINT, COC 

POUR POINT, Max. 

CHANNEL POINT, Max. 

VISCOSITY, a t  -18°C (OOF), 
10-6 m2/sec (cs.) 
a t  38°C (100°F) (Cs.) 
a t  99°C (210'F) (Cs.) 

VISCOSITY INDEX 

COPPER CORROSION, D 130 
(3 h r .  a t  121% (250'F) 

COLOR, ASlM D 1500 

SULFUR, % 

PHOSPHORUS, % 

CHLORINE, % 

LEAD, % 

Z I N C ,  % 

NITROGEN, % 

CARBON RESIDUE, % 

FOAMING CHARACTERISTICS (D 8 9 2 ) ,  
10-6 m3 (ml.) Foam Af ter  
5.0 Min. Foaming 

( a )  Sequence 1, 24'C (75°F) 
(b)  Sequence 2 ,  93OC (200°F) 
( c )  Sequence 3,  24°C (75'F) 

( r e t e s t )  

MOISTURE CORROSION AXLE TEST 
(Method 5326) 

THERMAL STABILITY (Method 2504) 
( a )  Viscosity Increase - 50 

h r . ,  % Change, M a x .  
( b )  N-Pentane Inso lubles ,  

% Weight 
( c )  Benzene Inso lubles ,  

% Weight 

HIGH SPEED SHOCK LOADING 
(Method 6507) 

AXLE TORQUE TEST (Method 6506) 
( a )  Untreatcd Gears 
(b)  Phosphate Trcated Gears 

- 
191°C (375'F) 

- 
- 

-7°C (20°F) 

25 

191OC (375OF) 

204°C (400°F) 

-12OC (10°F) 

-7OC (20°F) 

24.6 , 

2 13 O C  (415 OF) 

249°C (480'F) 

-18°C (OOF) 

i -7°C (< 20°F) 

2514 ' 

216% (42cbop) 

- 
-15°C (+5"F) 

-7'C (20°F) 

- 
- 

25.7 t o  34.3 

75 

.. 
475 

28.6 t o  30.4 

90 

- 
497 

30.3 

96 

- 
555 

28.8 

80 

2 

2.0 t o  2.5 

0.10 t o  0.12 

Trace 

1.0 

5 .O 

2.14 

0.14 

Trace 

N i  1 

N i  1 

0.053 

0.91 

Pass 
Pass 

0 
0 

300 
50 

300 Pass 0 

Pass Pass 

100 

3 

2 

Pass 

Pass 
Pass 

Pass 

Pass 
Pass 
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MILITARY SPECIFICATION: MIL-L-2105B 

LUBRICATING OIT,, GEAR, MULTIPLRPOSF, GRADE 140 --- 
CITGO PREN. GIJLF MULTI- MULTIGEAR 

SPEC . GEAR O I L *  PURPOSE* LUB.** 
PROPERTIES WQ. (MP) - 140 GEAR LUB. 140 EP-140 

:OPIPATIBILITY (similar l u b r i -  
c a n t s )  

* C i t i e s  Serv ice  O i l  Company 
* Gulf O i l  Corporation 
* Texaco, Incorporated 

NOTES: For d e s c r i p t i o n  of t h i s  I r  

Pass 

r ica t ing  c 1 and recommended us  

Pass 

ge see Sect m 11. 

I n  a d d i t i o n  t o  t h e  products l i s t e d ,  many of the  commercial petroleum and l u b r i c a t i o n  
ccmpanies manufacture multipurpose gear  l u b r i c a n t s  which meet t h e  requirements of 
t h i s  s p e c i f i c a t i o n ,  some of these  a r e :  

Product Name Manufacture r 

American Multi-Purpose Gear Lub No. 140 
A t l a n t i c  Ul t ragear  O i l  
Esso Gear O i l  GX-140 
Philube SMP Gear O i l  
Sp i rex  Heavy Duty 140 
Motrex 317, SAE 140 
Sunoco Multi-Purpose Gear Lub., GL-4 
Mult igear  Lube EP 140 

American O i l  Company 
A t l a n t i c  Refining Company 
Humble O i l  and Refining Company 
P h i l l i p s  Petroleum Company 
S h e l l  O i l  Company 
Socony Mobil O i l  Company 
Sun O i l  Company 
Texaco, Incorporated 
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MILITARY SPECIFICATION: MIL-L-3918 

LUBRICATING OIL, INSTRUMENT, JEWEL BEARING, NONSPREADING, 
LOW TEMPERATORE 

SPEC. ANDEROL 
PROPERTIES WQ. L-416* 

;PECIFIC GRAVITY - ' Q194 . ' 

'OUR POINT - -54';: (< -65'F) 

:OLOR, AS?M D 1500 

IISCOSITY, a t  -40°C (-40°F), m2/sec (Cs.) 
a t  1 8 O C  (O'F) (Cs.) 
a t  38°C (100'F) (Cs.) 
a t  99OC (210'F) (Cs . )  

-. - .:. . ' 

9.5 to 10.5 - 

3 .O 

1,590 
156 

9.9 
2.63 

iEUTRALIZATION NUMBER < 0.60 0.40 

IVAPORATION LOSS, 22 h r .  a t  99'C (210"F), % < 2  1.7 

:OPPER STRIP CORROSION, 3 h r .  a t  100°C (212'F) Pass  Pass  

:ORROSION AND OXIDATION STABILITY, 168 h r ,  a t  100'C 
(212'F) Weight Change, lo-'' kg/m2 (mg/cm2) 

Aluminum 
Copper 
S t e e l  

I 

V o l a t i l e  Acids ,  kg. KOH/kg (rng. KOH/g) of  O i l  
Color  Change 
Sludge 
Change i n  N e u t r a l i z a t i o n  Number 
Change of V i s c o s i t y  a t  38OC (lOO°F), % 

0.5 
0.5 
0.5 

0.15 
+ 5  

N i  1 

0.01 
0.5 
S l i g h t  
None 

0.43 

- 

->0.07 

SPREADING ON POLISHED STEEL (30 days)  5% 5% 

SPREADING ON POLISHED RUBY (30 days)  5% 

SPREADING ON POLISHED SAPPHIRE (30 days)  5% 

LOW TEMPERATURE STABILITY (48 hr .  a t  40°C (40°F)) Pass  Pass  

IYPE OF OIL Diester 

JSABLE TEMPERATURE RANGE 

C Lehigh Chemical Company 

-54°C to 149'C 
(-65'F t o  +300DF) 

NOTE: For  a d e s c r i p t i o n  of t h i s  medium v i s c o s i t y  nonspreading s y n t h e t i c  d i e s t e r  o i l  and 
recommended usage,  scc S e c t i o n  11. 
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MILITARY SPECIFICATION: MIL-L-6081 C(ASG) 

LUBRICATING OIL,  JET ENGINE: GRADE 1010 

SPEC . ESSO TURBO* ROYCOyWc JET ENc,IpJE%9rlri* 
OIL,  MEDIUM --- PROPERTIES EQ. OIL 10 460 - 

XAVITY, A P I  

jPECIFIC GRAVITY a t  16'6 
(60'F) 

:OLOR, AS'IM D 1500 

FLASH POINT, COG 

POUR POINT, COC 

JISCOSITY a t  -40°C (-40°F) 
10-6 m2/sec (Cs.), Max. 
a t  38'C (1OOOF) (Cs.) 
a t  99°C (210'F) (Cs.) 

fISCOSITY INDEX 

VISCOSITY STABIJJTY, % Change 
(3 hr.  a t  4°C (40°F) 

COPPER STRIP CORROSION, AS'IM 
Scale,  Max. 

NEUTRALIZATION NUMBER 

PRECIPITATION NUMBER 

CORROSION AND OXIDATION STA- 
BILITY, 168 hr. a t  1 2 1 O C  
(250°F) (copper, s t e e l ,  
aluminum a l loys ,  magnesium 
a l loys ,  and cadmium plated 
s t e e l ) ,  Weight Change, 
10-10 kg/m2 cmg/cm2) 
Visiblr Corrosion (20X) 
Discoloration 
Viscosity Change a t  38°C 

Neut ra l iza t ion  Number 

Insoluble Materials o r  

(lOO°F), % 

Increase,  Max. 

Gumming 

OXIIjATION I N H I B I T O R  

POUR POIWT DEPRESSANT 

VISCOSITY INDEX IMPROVERS 

0.864 

0.5 

143 'C (290 OF) 

< -65°C (< -85OF) 

0.8724 

Light 

149°C (300OF) 

-59°C (-70°F) 

5.5 

132OC (270°F) 

-57°C (-70'F) 

- 
5.0 

132OC (270OF) 

-59°C (-70°F) 

3,000 
10.0 

2,442 
10.1 
2.46 

79 

3,000 
10 

2,800 
10.2 
2.48 

66 

2.0 0.01 1.0 

1.0 

0.10 

Pass 

0.01 

< 0.001 

Pass 

0.10 

0 

l a  

0-02 

0 

Pass  
None 
Pass  

0.2 
None 
None 

<: 0-06  
None - 

1- 0.2 
None 
S l igh t  

- 5  t o  +20 

0.20 

None 

AlLmed 

Allowed 

None 

+3.7 Pass 

0.01 0.20 0 '02 

l'as s 

Yes 

Yes 

Pass  

YCS 

Pass 

Yes 

Y f S  

* Humble O i l  & Refining Company 
*A Royal Lubricants Company 
>'w* Texaco, Incorporated 

NOTES: For deszr ip t ion  of the  re f ined  petroleum base lubr ica t ing  o i l  and recommended usage, 
see Section 11. 

In addi t ion  t o  the  products l i s t e d ,  many of the commercial pctroleuni and lubr ica t ion  c m -  
panics manufacture j e t  engine o i l s  which meet the requirements of t h i s  spec i f ica t ion .  
some of these a r c :  

Product Name Manufacturer 

31100 Grade 1010 The Atlant ic  Refining Company 
Gul f l i t e ,  Turbojet Oil LO10 Gulf O i l  Company 
Kendex 7042 Kmdall  Refining Company 
MacMillan Jet Engine O i l  1010 MacMillan Petroleum Corporation 
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MILITARY SPECIFTCATION: MIL-L-6082-D 

LUBRICATING OIL,  AIRCRAFT RECIPROCATING ENGINE (PISTON), GRADE 1065 

1065 
SPEC. CITGO* 1065 SKELFLITE* AIRCRAFT** 

ENGINE OIL PROPERTIES =9. AVIATION OIL 65 

X A V I T Y ,  API 

SPECIFIC GRAVITY a t  16°C (GOOF) 

:OLOR, AS?M D 1500 

XASH POINT, COC, Min. 

POUR POINT (undiluted),  Max. 

POUR POINT (d i lu t ed ) ,  M a x .  

JISCOSITY a t  38°C (lOO°F), 
10-6 m2/sec (cs.) 
a t  54°C (130°F) (Cs.) 
a t  99°C (210'F) (Cs.) 

JISCOSITY INDEX 

:OPPER STRIP CORROSION (3 hr .  
a t  100°C (212'F) 

:ARBON RESIDUE, % Max. 

YEUTRALIZATION NUMBER, M a x .  

JORK FACTOR 

4SH, WEIGHT %, Max. 

SULFUR, %, Max. 

SEDIMENTATION, % Volume, M a x .  

:ONTAMINATION, 10-4 kg/m3 
(mg/gal), M a x .  

POUR POINT DEPRESSANT, % M a x .  

OTHER ADDITIVES 

- 
- 

205°C (400OF) 

-18°C (OOF) 

-54°C (-65'F) 

- 

10.76 t o  12.4 

100 

1.0 

0.60 

0.10 

0.85 

0.0025 

0.50 

0.005 

39.7 (15.0) 

1.0 

None 

29 t o  30.4 

6.0 

216°C (420°F) 

-18OC (OOF) 

-54°C (-65'F) 

110 
50.6 

11.3 t o  12.25 

100 

1.0 

0.30 

0.10 

0.85 

0.0025 

0.05 t o  0.25 

0.005 

39.7 (15.0) 

29.7 

0.8778 

238°C (46OOF) 

-29°C (-2O0F) 

-57°C (-70'F) 

107.9 
48.7 
11.48 

101.6 

Pass 

0.18 

0.02 

0.001 

0.14 

15.7 (5.94) 

Pass 

None 

30.1 

0.8756 

- 
249OC (480 OF) 

-26'C (-15'F) 

- 

111.0 

11.9 
- 

103 

l a  

0.14 

0.02 

- 
0.001 

- 

- 
Pass 

None 

* C i t i e s  Service O i l  Company 
A* Skelly O i l  Company 
*+:4 Texaco, Incorporated 

N O E S :  For a descr ip t ion  of t h i s  petroleum base lub r i ca t ing  o i l  f o r  rec iproca t ing  a i r c r a f t  engines 
and recommended usage see  Section 11. 

I n  add i t ion  t o  the  products l i s t e d ,  most of the  commercial petroleum and lub r i ca t ion  companies 
manufacture lub r i ca t ing  o i l s  which meet the requirements of spec i f i ca t ion .  Some of these are: 

Product Name 

Esso Aviation O i l  65 
Scr. 0-1065 
Petrolube 1065 
P h i l l i p s  66 Aviation O i l ,  

Grade 1065 
Aeroshcll O i l  
Avrex 101/1065 
Formula No. 77675-7L & 8L 

Manufacturer 

Humblc O i l  & Refining Company 
Kendall Refining Company 
Pennsylvania Refining Company 

P h i l l i p s  Petroleum Company 
Shel l  O i l  Company 
Socony Mobil O i l  Company 
Sun O i l  Company 
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MILITARY SPECIFICATION: MIL-L-6082 D 

LlJBRICATlNG OIL, AIRCRAFT RECIPROCATING ENGINE (PISTON): GRADE 1100 

SPEC. CITGO* 1100 ESSOka 100 SKELFLITPYQ* 
PROPERTIES WQ. AVIATION OIL AVIATION OIL 100 

XAVITY, A P I  

SPECIFIC GRAVITY, a t  16°C (60°F) 

COLOR, ASTM D 1500 

FLASH POINT, COC, Min. 

POUR POINT ( u n d i l u t e d ) ,  Max. 

POUR POINT ( d i l u t e d ) ,  M a x .  

VISCOSITY, a t  38'C (100°F) 
10-6 m2/sec ( c s . )  
a t  54OC (130°F) ( C s . )  
a t  99°C (210°F) (Cs.) 

VISCOSITY INDEX 

COPPER STRIP CORROSION (3  h r .  a t  
100°C (212'F)) 

CARBON RESIDUE, %, Max. 

NEUTRALIZATION NUMBER, Max. 

WORK FACTOR 

ASH, WEIGHT, %, Max. 

SULFUR, %, Max. 

SEDIMENTATION, % Volume, Max. 

CONTAMINATION, 10-4 kg/m3 
(mgfgal), Max. 

POUR POINT DEPRESSANT, Max., % 

OTHER ADDITIVES 

243°C (470'F) 

-12OC (+lO°F) 

-54°C (-65OF) 

18.7 - 21.0 

95 

1 .o 

1 .2  

0.10 

0.85 

0.0025 

0 . 5  

0.005 

39.7 (15.0) 

1 . 0  

None 

27.8 - 29.2 

5 . 0  

277°C (530°F) 

- 1 5 O C  (5'F) 

-54°C (-65'F) 

259 
106 

19.42 - 20.4  

95 

1.0 

0.25 

0.10 

0.85 

0.0025 

0.05 - 0.25  

0.005 

39.7 (15.0) 

28.3 

237.7 

20.4 

103 

1 .0  

0 . 4 1  

0.10 

0.0012 

0.09  

Pas4 

None 

28.4 

0.8849 

2 6 8 ~  ( 5 1 5 0 ~ )  

-23'C (-10°F) 

-62°C (-80OF) 

253.7 
92.7 
19.59 

96 

Pass  

0.30 

0.02 

0.001 

0.17 

19.6 (7.4) 

* Cit ies  S e r v i c e  O i l  Company 
** Humble O i l  and Ref in ing  Company 
-i;& ._ 

,1). S k e l l y  O i l  Company 

NOTES: For R d e s c r i p t i o n  of t h i s  petroleum base  l u b r i c a t i n g  o i l  f o r  r e c i p r o c a t i n g  a i r c r a f t  engines  and 
recommended usage see S e c t i o n  11. 

In  a d d i t i o n  t o  t h e  products  l i s t e d ,  most of  t h e  commercial petroleum and l u b r i c a t i o n  companies 
manufacture  l u b r i c a t i n g  o i l s  which meet t h e  requi rements  o f  s p e c i f i c a t i o n .  Some of t h e s e  a re :  

Product  Name Manufacturer 

Supermil  O i l  No. 2806 
A t l a n t i c  Grade 1100 (No. 43600) 
Brayco 480 R 

Pe t ro lube  1100 
P h i l l i p s  66 A v i a t i o n  O i l ,  Grade 
Aeroshe l l  O i l  100 
Avrex 101/1100 

Gulf A-1100 

American O i l  Company 
The A t l a n t i c  Ref in ing  Company 
Bray O i l  Company 
Gulf O i l  Corpora t ion  
Pennsylvania  Ref in ing  Company 

1100 P h i l l i p s  Petroleum Company 
S h e l l  O i l  Company 
Socony Mobil O i l  Company 
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MILITARY SPECIFICATION: MIL-L-6085A 

LUBRICATING OIL, INSTRUMENT, AIRCRAFT, LOW VOLATILITY 

AEROSHELL 
FLUID 12 

SPEC. BRAYCW ANDEROL** 
PROPERTIES REQ . 885 L 401 D 

XAVITY, API 24.0 21.9 

2.5 
,_ .. :OLOR, ASTM 5.0 2.5 

1?35nC (365'F) 21Q.°C'.(4100F) ' . 227°C (440°F) 221°C (430°F) 
I I* 

?LASH POINT, COG, Min. 

'IRE POINT 

'OUR POINT, Max. 

TISCOSITY, a t  -54'C (-65°F) 
10-6 m2/sec (cs.)  MZ. 
a t  -4OoC (-40-F) (Cs.) Max. 
a t  38OC (lOO°F) (Cs.) 
a t  54°C (l3O0F) (Cs.) Min. 
a t  99°C (210'F) (Cs.) 

lISCOSITY INDEX 

IEUTRALIZATION NUMBER, 
kg. UOH/kg (mg. KOH/g) Max. 

'RECIPITATION NUMBER 

WAPORATION, %,Max. (22 h r .  a t  
99OC (21OOF) 

:ARBON RESIDUE, % WEIGHT 

jULFATED RESIDUE, % WEIGHT 

IUMIDITY TEST: 100 h r .  49°C (1'20°F) 
100% RH 

,OW TEMPERATURE STABILITY: 72 h r .  
a t  -54OC (-65OF) 

;ALVANIC CORROSION: Steel-Brass,  
10 days at  27OC (80°F) 

- - 26OOC (500'F) 
I.. * 

-57% (-70°F) < -65°C (< -85°F) -65OC (-85OF) < -57'6 (< -70'F 

12,000 
2,000 

8 .0  

0 

1.0  

Pass 

Pass 

Pass 

JORROSION AND OXIDATION STABILITY: 
168 h r . ,  Corrosion, Weight Change, 
10-1O kg/m2 (mg/sq. cm.) 

Aluminum 0.2 
Copper 0 .2  
Magnesium 0.2 
Cadmium Pla ted  S t e e l  0.2 
S t e e l  0.2 

P i t t i n g  or  Etching (Vis ib le ,  2OX) None 
Oxidation Resistance; 

Viscosity Increase a t  54°C 
(130°F) % Max. 1 5 . 0  

Neut ra l iza t ion  Number Increase 0.5 

10,800 
1,875 

9 .0  

- 

Neutral  

Pass 

0.5 

Pass 

Pass 

0.0 
0.1 
0.0 
0.0 
0.0 

None 

. -0.8 
0.2 

11,200 
- 

12.65 
8.10 
3.40 

168 

- 

0.84 

Pass 

Pass 

10,000 
1,580 
13.8 
8.55 
3.52 

152 

0.20 

Pass 

1.0 

0.72 

0.54 

Pass 

Pass 

0.0 
0 . 1  
0.0 
0 . 1  
0.0 
Pass 

2.0 
0.2 
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MILITARY SPECIFICATION: MIL-L-6085A 

r 

SPEC. BRAYGO* ANLlEROLfd AEROSHELL 
PROPERTIES REQ. 885 L 401 D Fluid 12 

ADDITIVES: Oxidation S t a b i l i t y  Allowed 
Corrosion Pro tec t ion  Allowed 
Viscosity Index Improvers None 
Pour Point Depressant None 

Yes 
Yes 

Yes 
Yes 

?: Bray O i l  Company 
** Lehigh Chemical Company 
**:k Shel l  O i l  Company 

NOTE: For a descr ip t ion  of t h i s  synthe t ic  base lubr ica t ing  o i l  composition and recommended usage, see 
Section 11. 

In addition t o  the  products l i s t e d ,  the  following low v o l a t i l i t y  o i l s  supplied by the  l i s t e d  
manufacturers meet the  general  requirements of t h i s  spec i f ica t ions .  

Product Name Manufacturer 

P010K-8 
Univis P-38 
Cosmolubric 270A 

Product 80 
Royco 885 Royal Lubricant Company 

NWx-Rust 600 

Eclipse-Pioneer Div. ,  Bendix Aviation Corporation 
Humble O i l  & Refining Company 
E .  F. Houghton & Company 
Nox-Rust Chemical Corporation 
Octagon Process, Incorporated 

I 
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MILITARY SPECII?ICATION: MIL-L-6086B 

LUBRICATING OIL, GEAR, PETROLEUM BASE, GRADE L 

SPEC. C I T W  AEROSHELL* 
PROFERTIZS =Q. 6086-L FLUID 5L 

XAVITY,  API 

ZOLOR, AS'IM 

FLASH POINT, COC, Min. 

T I R E  POINT, COC, Min. 

POUR POINT, M a x .  

VISCOSITY a t  38°C (lOO°F), 
a t  99°C (210°F) (Cs.) 

m 2 / s e c  (Cs.) 

ilISCOSITY INDEX 

4EAN HERTZ LOAD, Min. ( s h e l l  4 -ba l l  
t e s t e r )  

PRECIPITATION NUMBER, AS'IM, Max. 

2ORROSION, COPPER STRIP, AS734 
(3 hr .  a t  100°C (212°F) max.) 

ZHLORINE, % Weight , 

NEUTRALIZATION NUMBER, kg. KOH/kg 
(mg. KOH/g), Max. 

COMPATIBILITY (mineral o i l  base) 

VISCOSITY INDEX IMPROVER 

EXTREME PRESSURE ADDITIVE 

FOAM TEST, AS'IM D 892 

- 
8.0 

138°C (280°F) 

- 
-40 'C (-40 OF) 

23 t o  34 - 
80 

392.3 N 
(40 kg.) 

0.10 

2.0 

1.0 

Pass 

Pass 

29.8 

4.0 

177,"C (350'F) 

191OC (375°F) 

-40°C (-40°F) 

22.9 t o  25.2 
4.27 

90 

2.0 

1.0 

Pass 

" 3  

Y e s  

Pass 

27.1 

3.0 

204'C (400OF) 

- 
-43OC (-45'F) 

29.8 
4.91 

95 

427.6 N 
(43.6 kg.) 

Trace 

1 B  

1.65 

< 0.20 

Pass 

- 
Y e s  

Pass 

* Cities Service O i l  Company 
* She l l  O i l  Company 

NOTES: For a descr ip t ion  of t h i s  low temperature mineral  o i l  l ub r i can t  and recommended usage 
s e e  Section IL. 

I n  add i t ion  t o  the  products l i s t e d ,  the  following lub r i ca t ing  o i l s  supplied by t he  l i s t e d  
manufacturers a l s o  meet the general  requirements of t h i s  spec i f i ca t ion .  

Product Name Manufacturer 

A i rc ra f t  Gear O i l  - Grade L Richf ie ld  Oil Corporation 

Grade L S inc la i r  Refining Company 
Low Temperature Gear Lubricant 11 

Airc ra f t  Gear O i l  EP, Light The Texas Company 
70344B R. M. Hollingshcad Corporation 
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MILITARY SPECIFICATION: MIL-L-6086B 

LUBRICATING OIL, GEAR, PETROLEUM BASE, GRADE M - 
PROPERTIES 

SPEC. 
REQ . 

CITGO* NO. AEROSHELL*~~ 
6 0 8 6 4  - FLUID 5M 

GRAVITI,  API 

COLOR, ASlM 

FLASH POINT, COC, Min. 

FIRE POINT, COC, Min. 

POUR POINT, Max. 

VISCOSITY, a t  38°C (lOO°F), 
10-6 m2/sec (cs.) 
99OC (210°F), 10-6 m2/sec (Cs.)  

VISCOSITY INDEX 

MEAN HERTZ LOAD, Min. 

PRECIPITATION NUMBER, ASm, Max. 

CORROSION, COPPER STRIP, AS24 (3 h r .  a t  
100°C (212'F) (max.) 

CHLORINE, % Weight 

NEUTRALIZATION NWSER, 10-3 kg. KOH/kg 
(mg. KOH/g) 

C(MPAT1BILITY (minera l  o i l  base)  

VISCOSITY INDEX IMPROVER 

EXTREME PRESSURE ADDITIVE 

FOAM TEST, ASM n 892 

8.0 

154°C (310°F) 

-29'C (-2OOF) 

60 t o  82 

80 

392.3 N 
(40 kg.) 

0.10 

2 .o 

1.0 

Pass  

Pass  

27.8 

5.5 

216°C (42OOF) 

254°C (490OF) 

-29% (-20'F) 

76.6 t o  80.9 
8.83 

90 

392.3 N 
(40 kg- )  

0.10 

2.0 

l..O 

Pass  

Yes 

€'as s 

25.1 

< 3.5 

229°C (445 OF) 

-37°C (-35OF) 

73.1 
8.5 

94 

462.9 N 
(47.2 kg.1 

Trace 

1B 

1.67 

< 0.20 

P?S% 

YES 

Pass 

* C i t i e s  S e r v i c e  O i l  Company 
-xJ, S h e l l  O i l  Company 

NOTES: For  a d e s c r i p t i o n  of  t h i s  minera l  o i l  g e n e r a l  purpose g c a r  l u b r i c a n t  and recommended 
usage see S e c t i o n  11. 

In a d d i t i o n  t o  the products  l i s t e d ,  t h e  fo l lowing  l u b r i c a t i n g  o i l s  suppl ied  hy t h e  li.ste-1 
manufac turer  a l s o  m e e t  t h e  g e n e r a l  requirements of t h i s  s p e c i f i c a t i o n .  
Product  Name Manufac t u r c r  

Aircraft Gear O i l  - Grade M R i c h f i r l d  O i l  Corpora t ion  
Low Temperature Gear Lubri- 

c a n t ,  Grade M S i n c l a i r  Ref in ing  Comnanjj 
A i r c r a f t  Gear O i l  EP Medium 
70344 C R. M. l lo l l ingshcad CorporaLion 

The Texas Company 
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MILITARY SPECIFICATION: MIL-L-7808 (USAF) 

LUBRICATING OIL, AIRCRAFT TURBINE ENGINE, SYNTHETIC BASE 

PROPERTIES 
SPEC. STAUFFER* ROYCO** 
MQ. JET I 808 GF or RIi 

:RAVITY, API 

SPECIFIC GRAVITY, 16°C (60°F) 

FLASH POINT, COC, Min. 204OC (400'F) 

FIRE POINT - 
AUTOIGNITION POINT - 
POUR POINT, Max. -59°C (-75'F) 

COLOR, ASIN - 
VISCOSITY a t  38°C (lOO°F), m2/sec 

(Cs.), Min. 11.0 
99°C (210°F), m2/sec (Cs.), Min. 3.0 

VISCOSITY INDEX - 
VISCOSITY STABILITY, 3 hr .  a t  -54°C (-65'F) 

Viscosity,  -54°C (-65OF), m2/sec 

Viscosity Variation, % ? 6.0 
(CS.) < 13,000 

NEUTRALIZATION NUMBER, lom3 kg. KOH/kg 
(mg/KOH/g), Max. 0.30 

CORROSION, 72 hr.  a t  175'C (347"F), 
Weight Change, kg/m2 (mg/cm2) 
S tee l  2 0.2 
S i lve r  * 0.2 
Aluminum Alloy ? 0.2 
Magnesium Alloy f 0.2 
Copper k 0.4 

PITTING, ETCHING AND VISIBLE CORROSION (2OX) None 

OXIDATION STABILITY, VISC. CHANGE a t  38°C 
> .  

(100"F), % -5 to +15 
I 

Increase i n  Neutra$i2z,ation Number 2.0 

LEAD CORROSION, 10 hr.  a t  164°C (325"F), 
Weight Loss, kg/m2 (mg/in2) < 6.0 

(450"F), LO-'' kg/m2 (mg/in2) 
SILVER AND COPPER CORROSION, 50 hr. a t  232OC 

< 3.0 

EVAPORATION, 6.5 hr .  at 204'C (400°F), 
Weight Loss,*% 35 

17.5 

0.950 

232°C (450°F) 

254OC (490°F) 

460°C (860°F) 

< -62°C (< -8O0F) 

< 1.0 

15.2 
3.8 

160 

11,610 
+0.3 

0.08 

0.000 
0.007 
0.000 

44.007 
-0.062 

Pass 

0.76 

0.0 

< 0.95 

21.5 

- 
.- 

221°C (430'F) 

- 
- 

< -65°C (< -85'F) 

15.5 
4.0 

- 

No change 
No change 

0.00 
0.00 
0.00 
0.00 
0.00 

Pass 

0 

0.4 

< 0.35 

19.0 



MILITARY S I'EC I F  TCATION : Ft LL-1.- 7808 (USAF) 

I.URRICA'I'1NG O I L ,  AIRCIiAFT 'TIJRUINE ENGINE, SYNTIETIC IIASI: 

SPEC. STAUFFI: k2 ROYCO::+: 

PROPERTIES rnQ. J E l  i - 808 C:F o r  Rli 

I'OtWING CIIARACTERISTICS, m3 (ml. foam 
a f t e r  blowing and time t o  c o l l a p s c )  
Scqurncc 1,  24°C (75'F) 
Scqucncc 2 ,  93°C (ZOOOF)  
Scqurnce 3 ,  24'C (75°F) ( a r t e r  Seq. 2) 

LOAD CARRYING ABILITY (Rydcr), X Ref, O i l ,  
Nin . 

COMPATIBILITY WITH ELASTra"lERS, 168 h r .  ; i t  

7OoC (158'F) 
Rubber "H", Swell ing,  tL 
Rubber "F", Swcll ing,  X 
T e n s i l e  S t r c n g t h  Cliangc, "L 
Elongat ion Change, X 
I iardnrss  Shore Durametrr Nxnnbrr Chm:,c 

CIR?PATIRILITY WITII  MIL-L-7808 and 6081 
oris 

DEPOSITION NUMBER 

RTD PANEL C O a R  'TI:ST, DEPOSIT WETGiI'I', 
kg. (mg.) 

8 h r .  a t  329'6 (625°F) 
8 h r .  a t  357OC (675'F) 
8 h r .  a t  371°C (700°F) 

STORAGE STABILITY, 110°C (230"F), 2 Days, 
Lcad Corr.,  kg/m2 (rng/in2) 
7 Days, ].cad Corr . ,  I0-l' l<g/m2 (m&/in2)  

i:XTEHD.TDED STO!WX STABILITY, 12  F l o n t l 1 5  
a t  2 4 ° C  (75°F) 

100 HR. ENGINE TETT (5-57-29 o r  -29 
Engine) 

TWCI. SEDIXENT, m l / 2 @ 0  ml. O i l ,  Max. 

25 (3 min.) 
25 (3 min.) 
25 (3 m i n . )  

68 

12 t o  3 i  
2 t o  35 

75 

25 
50 

Pass 

3.5 

50 
7 75 
300 

25 
150 

No scparn t  ion 

Pas:; 

0.005 

Trace  (10 s r c . )  
Trncc (10 src.) 
T r a c r  (10 VC.)  

75 

2;;. i: 
19.5 
/!.0 , 6 
2 1 . 2  
17 

pass 

1.Oh 

Pass 
Pass 
Pass  

1.8 
23.5 

Pass 

pass 

0.00 

0 
0 
0 

88 

24.0 - 

Pass 

Pass 
Pass 
Pas 8 

?ass 
Pass 

Pass 

Pass 

- 

.'- S t a u f f r r  Ciirrnical Company 
, ~ . ~  ibyal Lubrjcants  Company .*_,. 

-- Product  Namr Manuracttli rr 

G u l f  S y n t h e t i r  Lub. N o .  2 Gulf O i  1 C o r l > o r a ~ i < i n  
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Uses: Intended fo r  use i n  the  lubricat ion of taper plug valves, 
gaskets, and bearings i n  fue l  systems of a i r c r a f t  and ground support equip- 
m e n t .  
value, threads and bearings i n  aerospace vehicles and supporting equipment. 

Also fo r  use i n  the  presence of l iquid oxygen as a lubricant  of 

Limitations: May not be su i t ab le  fo r  aluminum or  magnesium 
dynamic bearing lubricat ion because of possible ign i t ion  hazards. 
recommended f o r  general a n t i f r i c t i o n  bearing lubrication. 

Not 

2.1.20 MIL-G-38220(1): Grease, Aircraf t ,  High Speed, B a l l  and Roller 
Bearings (NATO Code: None) 

General charac te r i s t ics :  Wide temperature grea 
e s sen t i a l ly  of a nonsoap gel l ing agent and a su i t ab le  l i q  
(i.e., s i l i cone  o i l  base). 

- Uses: Intended fo r  use i n  b a l l  and r o l l e r  bearings over tempera- 
tu re  range of -40°C t o  +200°C (-40°F t o  +400°F), and DN values up t o  400,000. 

ted fo r  applications i n  the temperature range where normally 
oleum oil or  soap-type synthetic o i l  greases are not applica- 

able.  

Limitations: No corrosion resis tance required. For appl icat ion 
such as a i r c r a f t  actuators ,  gear boxes and similar equipment, performance 
evaluation tests must prove the lubricant sa t i s fac tory  before usage. 

2.1.21 MIL-G-38277: Grease, Ai rcraf t ,  High Speed, B a l l  and Roller Bear- 
ing, +316"C (+600"F) (NATO Code: None) 

General charac te r i s t ics :  High temperature grease consis t ing 
e s sen t i a l ly  of a nonsoap ge l l ing  agent and a su i t ab le  l iquid lubricant.  
S i m i l a r  t o  MIL-G-38220 but  capable of higher temperature operation. 

- Uses: Intended for  use i n  b a l l  and r o l l e r  bearings over tempera- 
t u re  ranges of -4°C t o  +315"C (+25OF t o  600°F). For use i n  temperature 
range where normally soap-type petroleum o i l  or soap-type synthet ic  o i l  
greases are not applicable. 

Limitations: Must provide at  least 100 hr. sa t i s fac tory  lubri-  
cat ion of a No. 204 open b a l l  bearing operating at  20,000 rpm a t  a tempera- 
tu re  of +314"C (600°F). Use i n  such applications as a i r c r a f t  actuators ,  
gear boxes, and similar equipment i s  recommended only a f t e r  performance 
evaluation tests. 
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MILITARY SPIXIFICATION: MIL-L-9000G (SHIPS) 

SPECIFIC GRAVITY, 60°F - 0.891 - 0.880 0.887 0.9047 

FLASH POINT, COC, Min. 199'C (39OOF) 232°C (450°F) 268OC (515OF) 235OC (455°F) 

FIRE POINT, COC - 254'C (490'F) 302°C (57S°F) 

POUR POINT, Max. -12°C (10°F) -12°C (IOOF) -15OC (+5"F) -32OC (-25°F) 

STABLE POUR POINT, OF, Max. 

VISCOSITY, 10-6 rn2fsec ( c s . )  
a t  -18°C (OOF) - 
a t  99OC (21OOF) 11.9 - 13.5 11.9 - 12.7 12.78 12.4 
a t  38'C (lOOoP) - 120.8 128.8 140.0 

VISCOSITY INDEX - 95 99 a4 

COLOR, ASTM D 1500 6.0 3.5 - 
COPPER STRIP TEST, 3 h r .  

a t  100°C (212'F) 

NEUTRALIZATION NUMBER, kg . 
KOH/kg. (mg. KOHfg) - 

COMPATIBILITY: ( o i l s  of same spec.) Pass 

HOMOGENEITY: (24 h r .  at  -32°C 
(-25'F) no separa t ion)  Pass 

Pass 

Pass 

1.0 l b  

2.10 1.10 Alk 

Pass Pass 

FOAMING PROPERTIES, Method 3211 
10-6 m3 (ml.) Foam After 10 min. 

S e t t l i n g  
Sequence 1, a t  24OC (75OF) 

Sequence 2, a t  93°C (ZOOOF) 

Sequence 3,  at  24°C (75°F) 

10-6 m3 ( m l .  ) 300 Pass 0 

10-6 m3 (m1.1 25 Pass 0 

( r e t e s t )  kg/m3 (ml.) 300 Pass 0 

Pass Pass 

Pass 

Pass 

Pass 

CONTAMINATION: Sol id  P a r t i c l e s ,  
10-4 kgfm3 (mUga1)  ax. 10 10 1.0 - 
Fibrous Material  ( f ib re /ga l )  Max. 1.0 1 .0  Pass 
Fibrefm3 264.0 264.0 

SULFUR, Weight % 0.32 - 0.46 0.22 

SULFATED ASH, % 0.71 0.63 - 
CHLORINE, % < 0.05 

PHOSPHORUS, % 0.05 

CALCIUM, % - 0.18 
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MILITARY SPECIFICATION: MIL-L-9000G (SHIPS) 

LUBRICATLNG OIL, INTERNAL CCMBUSTION ENGINE, DIESEL: SYMBOL 9250 - 
CITGO* 

GRADE 9250 
SPEC. NO. 93113 GULF* T E X A C W C  
WQ. 9250 9250 PROPERTIES 

ZINC,  % 0.06 

CARBON RESIDUE, % - 0.96 - 
ADDITIVES : 

Antioxidants 
Corrosion Inh ib i to r  
Ant i rus t  
Detergent 
Pres sur e Carr ie r  
Pour Point Depressant 
Viscosity Index Improver 
Anti f oam 

Y e s  
Yes 
Y e s  
Yes 
Yes 
Yes 
Yes 
Y e s  

4 C i t i e s  Service O i l  Company 
*" Gulf O i l  Corporation 

*** Texaco, Incorporated 

NOTES: For a descr ip t ion  of t h i s  d i e s e l  i n t e rna l  combustion engine lubr ica t ing  o i l  and recommended 
usage see Section IT.. 

I n  addi t ion  t o  the  products l i s t e d ,  many comerc ia l  petroleum and lub r i ca t ion  companies manu- 
f ac tu re  d i e s e l  engine lubr ica t ing  o i l s  which m e e t  the  general  requirements of t h i s  spec i f i -  
ca t ion .  Some of these  a re :  

Product Name Manufacturer I 
Supermil Engine O i l  No. 0529 
At l an t i c  9250 
Calol (mil) 9250 
Delta (E)  9250, Five S ta r  9250 
Nator 9250 
She l l  9250 
Standard 9250 

American O i l  Company 
The At l an t i c  Refining Company 
Chevron O i l  Company 
Delta Petroleum Company, Inc. 
Humble O i l  & Refining Company 
She l l  O i l  Company 
Standard O i l  of CaZifornia 
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MILITARY SPECIFIeATION: MIL-L-9236B (USAF) 

LUBRICATING OIL, AIRCRAFT TURBINE ENGINE 2040'C (400'F) 

SPEC. CELLUTHERM* 
PROPERTIES BQ. 25058 2505B 

IISCOSITY, 10-6 m2/sec (cs.) 
a t  204°C (400'F) 
a t  38'C (lOO°F) 

:LASH POINT, Min. 

POUR POINT, Min. 

3PONTANEOUS IGNITION TEMPERATURE 

JISCOSITY STABILITY 
Viscosity After 72 hr.  a t  -54'C 

(-65'F), 10-6 m2/sec (Cs.) 

SVAPORATION , Max. 
Evaporation Loss During 6-1/2 hr.  

a t  204°C (400°F) (% by weight) 

ZEEAR TESTS 

Load Carrying Abi l i ty  a t  74°C (165-F) 
(x of Reference O i l  B) 

Load Carrying Abili ty a t  204°C 
(400°F) 

Gear Fatigue a t  204Y (400OF) 

Swelling of Synthetic Rubbers 
204°C (400'F) fo r  72 hr.  

% Swell (min.) 
% Swell (rnax.) 

Sequence 1, 10-6 m3 (m1.) 
Sequence 2,  10-6 m 3  (ml.) 
sequence 3 ,  10-6 m 3  (ml.) 

Foaming Characteris t i c s  

Deposition Number 

Compatibility with Other Lubricants 
of Type QPL-7808, MIL-L-9236 and 
MIL-L-25336 

Bearing S tab i l i za t ion  Temperature, 
Max. (60 max. time of t e s t )  

Bearing Test (hours) 

100-Hr. Engine Endurance Test ( o i l  
s h a l l  pcrform a s  w e l l  as o r  b e t t e r  
than the reference o i l  qua l i f ied  
under t h i s  spec i i i ca t ion )  

1 
Report 

218°C (425OF) 

-59OC (-75OF) 

399°C (75OOF) 

1.25 1.05 
15.8 15.8 

238°C (460'F) 238 O C  (460 OF) 

-68°C (-9OOF) -68% (-90'F) 

> 427°C (> 800°F) > 427°C (> 800°F) 

4 24,000 19,000 

6 

20,452 

4 15 

73 65 t o  70 56 (min.) 

Report 

Report 

12 
25 

- 
17 

- 
15 

101) (rnax.) 
25 (rnax.) 

100 (max.) 

Trace 
Trace 
Trace 

1.21 

Trace 
Trace 
Trace 

0.45 Report 

Compatible Compatible Compatible 

260°C (500'F) 

50 (min.) 

Pass 

Pass  

Pass 

Pass 

Pass Pass Pass 

Storage S t a b i l i t y  ( a f t e r  12 months of 
s torage ,  24°C (+75OF) o r  -21'C (-5'F) 
the o i l  s h a l l  show no signs of sepa- 
r a t i o n  and s h a l l  m e e t  a l l  spec i f ica-  
t i ons  except engine test) 

Trace Sediment, kg/m3 (mg/ml 
of o i l  

Pass 

0.005/200 

Pass 

Pass 

Pass 

Pass 

Company * Celanese Chemical 
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MILITARY SPECIFICATION: MIL-L-10295B 

LUBRICATING OIL, INTERNAL-COMBUSTION ENGINE, SUB-ZERO - 

PROPERTIES SPECIFICATION REOUIREMENTS 

ewvm, API 

2OU)R 

POUR POINT, Max. 

STAF5LE POUR POINT, Max. 

VISCOSITY, m2/scc (Cs . ) ,  a t  99OC (210'F) 
a t  -40°C (-4O0F) 

VISCOSITY INDEX 

FLASH POINT, Min. 

FOAMING CHARACTERISTICS [Method, AS'IM D-892) Immediately 
' Following 5-Min. Bubbling ( a f t c r  10-min. s c t c l i n g  

per iod)  Foam Vol . ,  m3 o r  m l .  
a. Sequencc 1, 24°C (75°F) 
b. Sequcnce 2 ,  93% (200'F) 
c .  Sequence 3, 24°C (75°F) 

OXIDATION CIWCTERISTICS, CLR Engine (FMS 791, Method 3405) 

R I N G  STICK, WEAR AND DEPOSIT FORMATION AT ELEVATED TEMPERATURES 
(FTMS 791, Mcthnrl 332) 

STABILITY (FmS 791, Method 3470) 

COMPATIBILITY (F'IMS 791, Mcthod 3470) 

CARBON RESIDUE 

PHOSPHOROUS 

CHLORINE 

SULFUR 

SULFATED ASH 

METALLIC CCNPONENTS 

USABLE AT AMBIENT TEMPERATURE RANGE 

BASE STOCK 

ADDITIVES 

LIMITATION 

Report  

-54OC (-65'F) 

-54°C (-65OF) 

5.75 Min. 
8,500 Max. 

Report  

143°C (290°F) 

No l i m i t  (300) 
No l i m i t  (25) 
No l i m i t  (300) 

Noncorrosive 

Prcvcnt  s t i c k i n g  - nonclogging 

No s e p a r a t i o n  o r  c o l o r  change 

No s c p a r a t i o n  o r  c o l o r  change 

Report  

Report  

Report  

Report  

Rcport  

Report  

-18°C t o  -54°C (0°F t o  -65°F) 

Petroleum 

As r e q u i r e d  

No r e - r e f i n e d  products  

NOTE: For  d e s c r i p t i o n  o f  th is  l u b r i c a t i n g  o i l  and r c c m e n d e d  usagc see S e c t i o n  11. 
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MZLITARY SPECIFICATION: MIL-L-11734C 

LUBRICATING OIL, SYNTHETIC (FOR MECHANICAL T.EE FUZOS) 

PROPERTIES SPECIFICATION REQUIREMENTS 

SPECIFIC GRAVITY 

COMR 

- 

POUR POINT, Max. 

VISCOSITY, 10-6 m2/sec (Cs.) at 38°C (100'F) 
at -57°C (-7OOF) 

-63°C (-80'F) 

12.5 
15,000 

EVAPORATION LOSS, at 99OC (21OoF), % < 1.2 

LClW TEMPERATURE STABILITY, 72 hr. at -57°C (-70'F) No gelling or separation 

NEUTRALIZATION NUMBER, 10-3 kg. KOH/kg (mg. KOH/g) 

OXIDATION STABILITY, 168 hr. at 100°C (212'F) 

Report 

Effect on Steel and Copper 
Appearance No gurmning or separation 

Viscosity Change, at 38°C (lOO°F), %Max. t 5.0 
Acid Number of Volatile Subst., Max., lom3 kg. KOH/kg 

None 

Neutralization Number, Increase 0.2 

(mg. KOH/g) 0.15 

CORROSIVIlY TEST (F?MS 791, Method 5322) 10 Days, 50% RH No pitting, etching or corrosion 
at 28°C (80'F) on two-thirds of specimens, 

small dots permitted on others. 

RUST INHIBITION (48 hr. at 43'C to 54°C (110'F to 130°F) Pass 

CCMPOSITION, PERCENT BY WEIGHT 
Di- (2-ethylhexyl) sebacate 
Di- (2-ethy1hexyl)azelate 
Phenyl-alpha-naphthylamine 
Barium Petroleum Sulfonate (100% active) 

32.3 k 0.5 
66.2 -+ 1.0 
0.5 t o . 1  
1.0 2 0.25 
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MILITMY SPECIFICATION: MIL-0-11773 (ORD) 

OIL, LUBRICATING, SYNTHETIC (FOR IMPREGNATING POWDERED METAL SLEEVE BEARINGS) 

SPEC. ROYCO* 
PROPERTIES REQ. - 871 

COLOR: - 

COMPOSITION: 
OIL: P u r f i e d  Di-(2-Ethylhexy1)-Sebacate 
ADDITIVE: Phenylalpha-Napthylamine % Weight 

Req . 
0.5-+0.1 

POUR POINT, (Max.) -54OC (-65°F) 

EVAPORATION: 22 h r . a t  100°C (21Z°F), % Weight 
Loss (Max.) 1 .0  

VISCOSITY: 10-6 n?/sec (Cs.) a t  -57'C (-70'F) (Max.) 15,000 
a t  38OC (100'F) 12.511.0 

NEUTRALIZATION NO: kg. KOH/kg (MS. KOH/g) (Max.) 0.10 

LOW TEMPERATURE STABILITY: 48 h r . a t  -57'C (-70OF) 
No G e l l i n g  o r  S e p a r a t i o n  Pass  

OXIDATION STABILITY: (168 h r , a t  100°C (212°F) 
S t e e l  and Copper (no p i t t i n g ,  e t c h  o r  c o r r o s i o n )  
Appearance (no s r p a r a t i o n  o r  gumming) 
V i s c o s i t y  Change a t  38'C (100°F). X Change (max.) 
N e u t r a l i z a t i o n  No. Change; (Max.) 
Acid No. of V o l a t i l e  Material; kgrKOH/kg 

(Mg. KOH/g) (max. f 

- 
*Royal Lubr icants  Company 

Pass  
P a s s  

t-5 .O 
t2 .q  

0.13  

Clear-b rown 

Passes  
P a s s e s  

< 1.0 

15,000 
12.5 

Passes  

Passes  
No s ludge  

r: 5.0 

NOTE: For  a d e s c r i p t i o n  and recommended usage o f  t h i s  l o w  s t i r f a c r  I c n s i o n  hearing Itlhric:lnt, 
see S e c t i o n  11. 
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MILITARY SPECIFICATION: MIL-L-15016B 

LUBRICATING OIL, GENERAL PURPOSE (MIL. SYMBOL 2110) 

CITGCP 
c. SEXIiii' NATOR** CETUS*** 

PROPERTIES RE9. 6-2110 2110 QIL 2110 
GRAVITY, API ' . . .  

SPECIFIC GRAVITY, 16% (60°F) 

FLASH POINT, COC, Min. 

FIRE POINT 

POUR POINT, Max. 

VISCOSITY: 10-6 m2/sec 
a t  38°C (100'F) (Cs.) 
a t  54°C (130'F) (Cs.) 
at 99°C (210'F) (Cs.) 

VISCOSITY INDEX 

COLOR, ASTM D 1500 

WORK FACTOR, Min. 

NEUTRALITY, QUALITATIVE 

NEUTRALIZATION NUMBER, M a x .  
10-3 kg. KOH/kg (mg. KOH/g) 

CORROSION, COPPER STRIP, 
3 h r .  a t  100°C (212°F) 

WATER, %, Max. 

ASH, %, Max. 

CARBON RESIDUE, %, M a x .  

TOTAL SULFUR, %, Max. 

SAPONIFICATION NUMBER, M a x .  

PRECIPITATION NUMBER, Max. 

POUR POINT DEPRESSANT 

AhTIFOAM ADDITIVE 

Report 

Report 

163°C (325OF) 

-18°C (OOF) 

5 . 3  - 6.7 

Report 

Report 

0.80 

Neutral  

0.10 

None 

None 

0.003 

0.20 

0.50 

0.5 

0 .01  

- 
- 

30.9 

0.871 

218OC (425'F) 

252°C (485'F) 

-18°C (O'F) 

44.1 
20.6 - 22.8 

6.19 

95 

2.0 

0.85 

Neutral  

0.10 

1.0 

None 

0.003 

0.10 

0 

0 .5  

0.01 

27.5 

0.890 

204'C (400'F) 

- 
-37°C (-35°F) 

38.7 

5.32 

66.5 

- 

- 

21.3 

0.9260 

185 O C  (365 OF) 

- 
-34OC (-30°F) 

44 

5 .1  

l b  

- 
- 

- 

- 

* Cit ies  Service O i l  Company 
** 
*** Texaco, Incorporated 

Humble O i l  & Refining Company 

NOTES: For a desc r ip t ion  of  t h i s  normal temperature range genera l  purpose, Mi l i t a ry  Symbol 2110, l ub r i -  
ca t ing  o i l  and recommended usage, see Section I f .  
genera l  spec i f i ca t ions  but  has v i s c o s i t y  and f l a s h  poin ts  above those f o r  Symbol O i l  2110, 
however, they a r e  s imi l a r  i n  most proper t ies .  

Symbol O i l  2135 a l s o  conforms t o  the  same 

I n  addi t ion  t o  t h e  products l i s t e d ,  m o s t  commercial petroleum and lub r i ca t ion  companies manu. 
f a c t u r e  genera l  purpose lub r i ca t ing  o i l s  which m e e t  t h e  requirements of this spec i f i ca t ion .  
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MILIPARY SPECIFICATION: MIL-L-15016B 

LUBRICATING OIL ,  GENERAL PURPOSE (MIL. SYMBOL 2190) 

CITGO+C REGALWca 
SPEC. SENTRY NATOR** O I L  

PROPERTIES REQ . G-2190 2190 E-2190 

XAVITY, API 

;PECIFIC GRAVITY, 16°C (60°F) 

'LASH POINT, COC, Min. 

PIRE POINT 

'OUR POINT, Max. 

IISCOSITY, a t  38°C (lOO°F), 
10-6 m2/sec (cs.) 
a t  54°C (130'F) (Cs.) 
a t  99°C (210'F) (Cs.) 

IISCOSITY INDEX 

ZOLOR, AS'LM D 1500 

JORK FACTOR, Min. 

JEUTRALITY , QUALITATIVE 

?EUTRALIZATION NUMBER, Max. 
10-3 Icg. KOH/kg (mg/KOH/g) 

:ORROSION, COPPER STRIP, 3 h r .  
a t  100°C (212'F) 

JATER, %, Max. 

ISH, %, M a x .  

:ARBON RESIDUE, %, M a x .  

rOTAL SULFUR, %. M a x .  

SAPONIFICATION NUMBER, Max. 

PRECIPITATION NUMBER, M a x .  

POUR POINT DEPRESSANT 

4NTIFOAM ADDITIVE 

Report 

Report 

177°C (350°F) 

- 
2°C (35OF) 

- 
8.5 t o  11.0 - 

Report 

Report 

0.80 

Neutral  

0.10 

None 

None 

0.003 

0.40 

0.50 

0.5 

0.01 

29.6 

0.8783 

227°C (440°F) 

2 3 2 Y  (500°F) 

- 1 5 Y  (5'F) 

92.8 
41.9 t o  44.0 

10.20 

95 

6.0 

0.85 

Neut ra l  

0.10 

None 

None 

0.003 

0.10 

0.5 

0.01 

- 

22.2 

0.9206 

202°C (395'F) 

- 
-26°C (-15°F) 

109.6 

8.68 

32.2 

22.6 

0.9182 

204°C (400'F) 

-29°C (-2O0F) 

0.04 

.k C i t i e s  Serv ice  O i l  Company 
>Vk 

;t;* Texaco, Incorporated 
NOTES: For a d e s c r i p t i o n  of t h i s  normal temperature range, g e n e r a l  purpose, M i l i t a r y  Symbol 2190, 

Huinble O i l  & Refinery Company 

l u b r i c a t i n g  o i l  and recommended usage, see Sec t ion  Ii. Symbol o i l  2250 is  s i m i l a r  bu t  
has  a h igher  v i s c o s i t y  range and f l a s h  poin t .  

In  a d d i t i o n  t o  t h e  products  l i s t e d ,  most commercial petroleum and l u b r i c a t i o n  companies manu- 
f a c t u r e  genera l  purpose l u b r i c a t i n g  o i l s  which meet t h c  requircmeuts  of t h i s  s p e c i f i c a t i o n .  
Some of these  a r e :  

Product Name ( M i l i t a r y  Symbol 2190, 2250) Manufacturer  

A t l a n t i c  1229, 1264 A t l a n t i c  Refining Company 
Sent ry  6-2190, 6-2250 C i t i e s  Serv ice  Company 
Gulf 2190 O i l ,  2250 O i l  Gulf O i l  Corporat ion 
Nator 2190, Nator 2250 
R i c h f i e l d  2190, 2250 
Servac 2190, Servac 2250 Socony Mobil O i l  Company, Inc. 
Standard 2190Q, 2250Q Standard O i l  Company of  C a l i f o r n i a  

Humble O i l  & Refining Company 
R i c h f i e l d  O i l  Corporat ion 
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MILITARY SPECIFICATION: MIL-L-15016B 

LUBRICATING OIL, GENERAL PURPOSE (MIL. SYMBOL 3050) 

CITGW 
URSA OIL*** SPEC. SENTRY GULP* 

PROPERTIES RE9 . 6-3050 3050 P-20, 3050 

XAVITY,  API 

SPECIFIC GRAVITY, 16°C (6O0F) 

FLASH POINT, COG, Min. 

FIRE POINT 

POUR POINT, Max. 

VISCOSITY: 10-6 m2/sec 
a t  38°C (lOO°F) (CS.) 
a t  54°C (130'F) (CS.) 
a t  99°C (21OOF) (CS.) 

VISCOSITY INDEX, Min. 

COLOR, ASTM D 1500 

WORK FACTOR, Min. 

NEUTRALITY, QUALITATIVE 

NEUTRALIZATION NUMBER, Max. 
10-3 kg. KOH/kg (mg. KOH/g) 

CORROSION, COPPER STRIP 
3 h r .  a t  100°C (212'F) 

WATER, %, Max. 

ABJJ, Y, Yuc. 

CARBON RESIDUE, %, Max. 

TOTAL SULFUR, %, Max. 

SAPONIFICATION NUMBER, Max. 

PRECIPITATION NUMBER, Max. 

POUR POINT DEPRESSANT 

ANTIFOAM ADDITIVE 

Report 

Report 

199°C (390°F) 

- 
-18°C (O'F) 

5.75 - 8.77 

75 

Report 

0.85 

Neutral  

0.10 

None 

iiUl1, 

0.003 

0.30 

0.50 

0.5 

0.01 

30.6 

0.8729 

204°C (400'F) 

227°C (440°F) 

-18°C (0°F) 

56.7 
27.5 

6.97 - 8.16 

100 

4.5 

0.85 

Neutral  

0.10 

1 .0  

?iJirc 

0.003 

0.20 

0.5 

0.01 

30.4 

0.874 

221°C (530°F) 

246'C (475'F) 

-26°C (-15'F) 

57.6 
28.6 

7.94 

110 

L3.0 

0.95 

Neutral  

0.03 

1 .0  

Bone 

0.003 

0.18 

0.03 

0.10 

N i l  

29.3 

0.8800 

238°C (460'F) 

-21% (-5'F) 

73.8 

8 .5  

94 

- 
Neutral  

0.03 

-~~~ ~ * Cit ies  Service O i l  Company 
** Gulf O i l  Corporation 
**<: Texpco, Incorporated 
NOTES: For a descr ip t ion  of t h i s  wide temperature range, genera l  purpose, Mi l i ta ry  Symbol 3050. lub- 

r i c a t i n g  o i l  and recommended usage, see Sec t ion  11. 
t o  3050 but have v i scos i ty  and f l a s h  poin ts  lower and higher than 3050. 

Symbol o i l s  3042 and 3065 are similar 

I n  add i t ion  t o  the  products l i s t e d ,  most commercial petroleum and lub r i ca t ion  companies manu- 
f ac tu re  general  purpose lub r i ca t ing  o i l s  which m e e t  t he  requirements of t h i s  spec i f i ca t ion .  
Some of these a re :  

Product N a m e  (Mi l i ta ry  Symbol 3042, 3050, 3065) Manufacturer 

A t l an t i c  No. 28467, 3050, 3065 At l an t i c  Refining Company 
Sentry 6-3042, 6-3050, 6-3065 
Gulf 3042, 3050, 3065 Gulf O i l  Corporation 
Nator 3042, 3050, 3065 Humble O i l  & Refining Company 

C i t i e s  Service O i l  Company 
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SPECIFIC GRAVITY: 16"C/16"C 
(60°F/600F) 

4PI DEGREE 

COLOR (ASTM) 

COMPOSITION: Base O i l  

o r  Rapeseed O i l  % 
Compounding O i l ;  F a t t y  O i l  % 

Emulsifying Agent 

E'LASLL POINT, Min. 

POUR POINT, Max. 

VISCOSITY, 10-6 m z / s e c  (cs.) 
at  99°C (21OoF) 
a t  54°C (130'F) 
a t  38'C (lOO°F) 

VISCOSITY INDEX 

dICK FEED (30% - 2nd day f low 
on 1 4 t h  day) ,  Min. 

EMULSION WITH WATER a t  54°C 
(130°F), Min. 

EMULSION WITH 1% SALT SOLUTION 
a t  54°C (130°F), Min. 

EIEUTRALITY, QUALITATIVE 

NEUTRALIZATION NUMBER; l o m 3  kp,. 
KOH/kg (mg. KOH/g), M a x .  

:ORROSION, COPPER STRIP 
a t  l0OoC (212'F) 

JhTER, %, Max. 

ASH: %, M a x .  

CMKRON RESIDUE; %, Max. 

roTu SULFUR, %, M ~ X .  

PRECIPITATION NUMBER: Max. 

COMPATIBILITY: ( o t h e r  o i l  p e r  spec . )  

jT(IIL4GE STABILITY (6 months) 

Repor t  

Repor t  

Repor t  

Pe t ro leum 
10-20 
10-20 

Allowed 

177°C (350°F) 

-12OC (1O0F) 

11.63 - 15.58 

Pass  

60 min. 

60 min. 

N e u t r a l  

3 . 0  

?.iSS 

Nnnc 

Report  

L.03 

n.75 

0.05 

Pass  

P a s s  

0.929 

20.9 

L 5.5 

Pet ro leum 

- 
Yes 

218°C (*25cE) 

-2l0C (-5°F) 

14.26 
90.4 

25 7 

32.0 

86% 

80.0 

80.0 

Neut ra l  

0 .42 

Passes  

N i :  

0.005 

O . L b  

0.19 

c 0.05  

Passes  

Passes  

MILITARY SPECIFICATION: MIL-L-15019C 

LUBRICATING OIL, CONFOUNDED: SYMBOL 4065 

MARINE MARINE 
SPEC. ENGINE CALOL** ENGINE 

PROPMTIES REq . OIL 77 4065 OIL** 40658 

0.923 

21.8 

4 .0  

Naphthenic  
10 - 

207°C (405OF) 

-21°C (-5'F) 

12.71 

Neu L r  a 1 

0 .63  

i'asses 

0 .  no9 

0. LI 

(I. 35 

0.920 

2 2 . 3  

- 
216°C (420'F) 

-23OC (-10'F) 

12 .24  

182 .1  

44.5 

Passes  

- 
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MILITARY SPECIFICATION : MIL-L- 150 19C 

LUBRICATING OIL, COMPOUNDED: SYMBOL 4065 

MARINE MARINE 
SPEC. ENGINE CALOL>W ENGINE 

OIL** 4065 PROPERTIES REQ. OIL* 77 4065 

JAM PROPERTIES (Seq. 1 at 24°C 
(75"F), 2 at 93°C (200"F), 3 at 
75 "F) 

Foam Immediately After 5 Min. 
BIO~, 10-6 m3 (ml.), M~X. 

Foam 10.0 Min. Settling, m3 
(ml . ) 

Gulf Oil Company 

Humble Oil and Refining Company 
4 Standard Oil of California 
k* 

OTES : 

130-40-90 

0-0-0 

For a description and recommended usage of this compounded lubricating oil containing petroleum 
and fatty oils see Section 11. 

I n  addition to Symbol Oil 4065, three other grades of Symbol Oils, 6135, 7105 and 8190 are also 
included in this specification. These oils are of similar composition and properties, but have 
slightly higher viscosities. 

Other compounded lubricating oils which meet the requirements of  this specification are: 

Product Name Manufacturer 

Neptune 1-2 
Protexol Compound Oil 
Penn Drake 4065-NS 
Richfield B-4065 
Mobil Komo Engine Oil 
Sohio 4065 Compound 
Sunoco 4065 Compound 
TL-240-4065 
Symbol MS-4065 

Cities Service Oil Company 
Golden Bear Oil Company 
Pennsylvania Refining Company 
Richf ield Oil Corporation 
Socony Mobil Company, Inc. 
Standard Oil Company of Ohio 
Sun Oil Company 
Texaco, Incorporated 
Union Oil Company of California 
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MILITARY SPECIFICATION: MIL-L-21260 

LUBRICATING O I L ,  INTERNAL-COMBUSTION ENGINE, PRESERVATIVE 
GRADE 1 - LIGHT VISCOSITY OIL 

CITGOk BRAYCOm PRESERVATIVE 
SPEC. ANTICORRODE 441 OIL** 

PROPERTIES REQ. 107 - SAE 10 SAE 10 SAE 10 

GRAVITY, API 29.6 - 31.6 - 
COMPOSITION: O i l  Type 

Additives 
Petroleum Pet r o  1 eum 

Rust Preventive 
Detergent 

Antioxidant 
Acid-Neutralizer 

Re-Refined Components None 

192OC (36OOF) 

-29°C (-20'F) 

-29°C (-20°F) 

None 

204°C (400°F) 

-32OC (-25°F) 

None 

204°C (400'F) 

-29°C (-2OOF) 

-29OC (-20°F) 

None 

204°C (400°F) 

-40°C (-40°F) 

-29'C (-20°F) 

FLASH POINT, COC, Min. 

POUR POINT, Max. 

STABLE POUR POINT, Max. 

VISCOSITY, Kinematic 

a t  -18°C (0°F) 
a t  38°C (100'F) 
a t  99°C (210°F) 

m2/sec (Cs.) Max. 
2,614 

5.44 - 7.29 

2,614 
39 - 42 

5.9 - 6.3 

2,614 

5.76 
- 

93.3 

- .  
39.5 

5.76 

94.0 VISCOSITY INDEX 108 

FOAMING PROPERTIES: (no foam 
l i m i t  immediately a f t e r  
bubbling period) 

(a )  1st Seq.; a t  24°C 
(75'F) Max. Foam 
10.0 min. Af te r  Foam 
Collapse,  10-6 m-3 (ml.) 

(200°F) Max. Foam 10 min. 
Af t e r  Foam Collapse,  

m-3 (ml.) 

(b) 2nd Seq. a t  93°C 

(c)  3rd Seq. a t  24°C 
(75°F) Max. Foam 
10.0 min. Af te r  
Foam Collapse 

m-3 ( m l .  ) 

300 

25 

Negl ig ib le  

Negligible 

300 

2.0 

Negligible 

Passes 
VOLATILE MATTER: 4 h r .  Steam 

Bath, % Weight Loss, Max. 2.0 

CORROSION PROTECTION: (mild s tee1 

(a) Humidity; 200 h r .  a t  
spec. o i l  coated) 

38°C (lOOoP), 100% RH; 
Max. Corrosion "Trace" 
(3 do t s ,  1.0 mm. d ia . )  

(b) S a l t  Water; 20 h r .  a t  
25°C (77"F), Max. 
Corrosion, "Trace" 
(3 dots .  1.0 mm. d i a . )  

Trace 

Trace 

Passes Kcme Pasees 

Passes Passes None 
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MILITARY SPECIFICATION: MIL-L-21260 

LUBRICATING OIL, INTERNAL-COMBUSTION ENGINE, PRESERVATIVE 
GRADE 1 - LIGHT VISCOSITY OIL 

t 
CITGO* B R A Y C W  PRESERVATIVE 

SPEC. ANTICORRODE 44 1 OIL* 
PROPERTIES WQ. 107 - SAE 10 SAE 10 SAE 10 

ACID NEUTRALIZATION ( a c i d i c  engine  
comb. products )  Required Passes  None Passes  

COMPATIBILITY - MIL-L-2104 O i l s  Required Passes  Passes  - 
- CARBON RESIDUE, % 0.19 - 0.39 

SULFATED RESIDUE, % 0.25 - 0.32 - 

* C i t i e s  S e r v i c e  O i l  Company 
'w Bray O i l  Company 
*** Texaco, Incorporated 

NOTES: For a d e s c r i p t i o n  and recommended usage of t h i s  p r e s e r v a t i v e  l u b r i c a t i n g  o i l ,  see S e c t i o n  11. 

I n  a d d i t i o n  t o  t h e  products  l i s t e d ,  s e v e r a l  o t h e r  petroleum and l u b r i c a n t  companies manufacture 
products  which meet t h e  requirements  of t h i s  s p e c i f i c a t i o n .  Some of t h e s e  a r e :  

Product Manufacturer 

Engine O i l  No. 9279 
Conoco 21260 
DX Engine P r e s e r v a t i v e  O i l  No. 1 
Gulf No-Rust O i l ,  Grade 1 
Kendex 7030 

S h e l l  Ensis  O i l  212 
I n f i l r e x  101, SAE ZOW 
Supermil O i l  No. 06212 
Sunvis 710B 
Red Line 2904 O i l  

Nox-Rust 235 

A t l a n t i c  Refining Company 
Cont inenta l  O i l  Company 
DX Sunray O i l  Company 
Gulf O i l  Corporat ion 
Kendall Refining Company 
Nox-Rust Chemical Corporat ion 
S h e l l  O i l  Company 
Socony Mobil O i l  Company 
American O i l  Company 
Sun O i l  Company 
Union O i l  Company of C a l i f o r n i a  
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MILITARY SPECIFICAZION: MIL-L-21260 

LUBRICATING OIL, INTERNAL-COMBUSTION ENGINE, PRESERVATIVE 
GRADE 2 - MEDIUM VISCOSITY OIL 

CITGW* PERSERVATIVE 
SPEC. B M Y C W  ANTICORRODE *** OIL 

PROPERTIES REQ . 443 SAE 30 107A - SAE 30 SAE 30 
- 27.6 - 29.6 XAVITY, API - 

- 
- 
- 

None 
218OC (425OF) 

:OMPOSITION: Oil Type 
Additives 

Petroleum 
Rust Preventive 

Detergent 
Antioxidant 

Acid-Neutralizer 
None 

221OC (430'F) 

Petroleum - - 
- - 

None ' 

210°C (41OOF) 

- 
- 

None 
199°C (390°F) 

Re-refined Components 
FLASH POINT - COC, Min. 

-18°C (OOF) -23°C (-lO°F) 

- 
-18°C (OOF) -29OC (-20'F) e o n  POINT, M=. 

STABLE POUR POINT, Max. - 

43,570 
95.6 
9.88 

89 

0 

0 

0 

Passes 

Passes 

Passes 

Passes 

VISCOSITY, Kinematic 
10-6 mz/sec (cS.1 MW. 
at 18°C (O'F) 
at 38'C (100°F) 
at 99OC C210'F) 

irISCOSITY INDEX 

43,570 

9.65 - 12.98 

43,570 

10.6 
- 43,570 

98 - 128 
11.5 - 12.0 

60.8 100 

FOAMING PROPERTIES: (no foam 
. limit immediately after 

(a) 1st Seq.; at 24°C 
bubbling period) 

(75°F) Max. Foam 10.0 
min. After Foam Col- 
lapse, 10-6 m3 (ml. ) 

(200°F), Max. Foam 10 
min. After Foam Col- 
lapse, 10-6 m3 (rn1.1 

(75'F) Max.  Foam 10.0 
min. After Foam Col- 
lapse, 10-6 m3 (ml.) 

(b) 2nd Seq., at 93°C 

(c) 3rd Seq., at 24°C 

VOLATILE MATTER: 4 hr. Steam Bath, 
% Weight Loss, Max. 

:ORROSION PROTECTION: (mild steel 

(a) Humidity; 200 hr. at 
spec. oil coated) 

38°C (lOO°F), 100% RH; 
Max. Corrosion "TRACE** 
(3 dots, 1.0 nun. dia.) 

25'C (77OF), Max. Cor- 
rosion, "TRACE" (3 dots, 
1.0 mm. dia.) 

(b) Salt Water; 20 hr. at 

Negligible Passes 300 

Negligible 25 Passes 

300 

2.0 

Negligible 

Passes 

Passes 

2.0 

Trace None Passes 

None Passes Trace 

4CID NEUTRALIZATION (acidic 
engine comb. products) 

COMPATIBILITY - MIL-L-2104 Oils 

Required 

Required 

Passes 

Passes 

Passes 

Passes 
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MILITARY SPECIFICATION: MIL- L- 2 1260 

LUBRICATING OIL, INTERNAL-C(MBUSTION ENGINE, PRESERVATIVE 
GRADE 2 - MEDIUM VISCOSITY O I L  

CITGOW PRESERVATIVE 
SPEC. BRAYCO* ANTICORRODE - Jc** O I L  

PROPERTIES m9. 443 SAE 30 107A - SAE 30 SAE 30 

:ARBON RESIDUE, % - .. 0.23 - 0.53 

SULFATED RESIDUE, % - 0.25 - 0.32 

C Bray O i l  Company 
'r* Cities S e r v i c e  O i l  Company 
*** Texaco, Inc .  

NOTES: For a d e s c r i p t i o n  and recommended usage of t h i s  p r e s e r v a t i v e  l u b r i c a t i n g  o i l ,  see Sec t ion  11. 

I n  a d d i t i o n  t o  t h e  products  l i s t e d ,  several o t h e r  petroleum and l u b r i c a n t  companies manufacture 
products  which meet t h e  requirements  o f  t h i s  s p e c i f i c a t i o n .  Some of  these  a re :  

Product 

Engine O i l  9278 
DX Engine P r e s e r v a t i v e  O i l  No. 2 
Gulf No-Rust O i l ,  Grade 2 
Kendex 7031 

Richlube RP Motor O i l  
S h e l l  Ensis  O i l  411 h 412 
I n f i l r e x  101 SAE 30 
Supermil O i l  No. 06212 
Sunvis  730B 
Red Line  2904 O i l  

Nox-Rust 236 

Manufacturer 

A t l a n t i c  Refining Company 
DX Sunray O i l  Company 
Gulf O i l  Corporat ion 
Kendall Refining Company 
Nox-Rust Chemical Corporat ion 
R i c h f i e l d  O i l  Corporat ion 
S h e l l  O i l  Company 
Socony Mobil O i l  Company 
American O i l  Company 
Sun O i l  Company 
Union O i l  Company of C a l i f o r n i a  
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MILI'ARY SPECIFICATION: MIL-L-21260 

LUBRICATING OIL, INTERNAL-COMBUSTION ENGINE, PRESERVATIVE 
GRADE 3 - HEAVY VISCOSITY 

BRAYCO* 

PROPERTIES . .  . REQ. S A E  50 
SPEC. 445 

:RAv1TY, API 

:OMPOSITION: 'OIL TYPE 
ADDITIVES 

RE-REFINED COMPONENTS 

FLASH POINT - COC, Min. 

POUR POINT, Max. 

STABLE POUR POINT, Max. 

VISCOSITY, KINEMATIC, 10-6 mz/sec (cs.) 
a t  -18OC (OOF), M a x .  
a t  38°C (100'F) 
at  99°C (210°F) 

VISCOSITY INDEX 

, .  

FOAMING PROPERTIES: (no foam l i m i t  immediately a f t e r  
bubbl ing per iod)  a .  1st Sequence; a t  24°C (75OF). 
M a x .  Foam 10.0 Min. Af te r  Foam Collapse,  

Max. Foam 10 Min. Af te r  Foam Collapse,  

Max. Foam 10.0 Min. Af te r  Foam Collapse,  m 3  (ml.) 

m3 ( m l . )  
b. 2nd Sequence; a t  93°C (ZOOOF), 

C. 3 rd  Sequence, a t  24OC (75'F). 
m3 (ml.)  

VOLATILE MATTER: 4 h z  Steam Bath, % Weight Loss 

CORROSION PROTECTION: (mild steel spec. o i l  coated)  
a .  Humidity: 200 h r . a t  3 8 O C  (lOO°F ), 100% RH; 

b. S a l t  Water; 20 hr. a t  25'C (77"F), M a x .  Corrosion - 
Max. Corrosion - t r a c e  ( 3  d o t s ,  1 .0  mm. d ia . )  

t r a c e  (3 d o t s ,  1.0 mm. d i a . )  

A C I D  NEUTRALIZATION ( a c i d i c  engine comb. products)  

COMPATIBILITY - MIL-L-2104 O j l s  

CARBON RESIDUE, X 

SULFATED RESIDUE, % 

. .  .___.. 
. . .. . .  . . . .  I .  .. :, . ._ 

...: ._ 
. .. 

. . ...... . .. . . .  . .  ... ._ ._ .  _ .  .... ,..._ .,: _.. . . . . ._.  .. . : 
. -  

None 

204OC (400°F) 

-9°C (+15'F) 

- 

16.83 - 22.75 

75 

300 

25 

300 

2.0 

Trace 

Trace 

Required 

Required 

- 

- 

Petroleum 
Rust Prevent ive  
Detergent  
Antioxidant  
Acid Neut. 

None 

241'C (465OF) 

-12'C (+loop) 

- 
- 

20.6 

90.0 

N e g l i g i b l e  

N e g l i g i b l e  

Negl ig ib le  

Passes  

None 

None 

Passes  

Passes  

- 

"Bray O i l  Company 

NOTES: For a d e s c r i p t i o n  and recommended usage of t h i s  p r e s e r v a t i v e  l u b r i c a t i n g  o i l ,  see Sec t ion  11. 

I n  a d d i t i o n  to  t h e  products  l i s t e d ,  s e v e r a l  o t h e r  petroleum and l u b r i c a n t  companies manu- 
Some of  t h e s e  are: f a c t u r e  products  which m e e t  t h e  requirements  of  t h i s  s p e c i f i c a t i o n .  

Product Manufacturer 

Gulf No-Rust O i l ,  Grade 3 Gulf O i l  Corporat ion 
Kendex 7032 Kendall Refining Company 
P e t r o t e c t  21263 Pennsylvania  Ref in ing  Company 
S h e l l  Ens is  O i l  413 
I n f i l r e x  101 SAE 50 
Supermil O i l  No. 06212 American O i l  Company 

S h e l l  O i l  Company 
Socony Mobil O i l  Company 
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MILITARY SPECIFICATION : MIL-L-23699 (B) 

LUBRICATING OIL, AIRCRAFT TURBOPROP AND TURBOSHAFT ENGINES, SYNTHETIC BASE 

SPEC. ROYCO* TURBO O I L  
PROPERTIES REQ 899 J E T  II** 2380 

iPECIFIC GRAVITY, 
16 "C/ 16°C (60°F/600F) 

:OLOR 

:MPOSITION, Base O i l  
Additives 

9.88 0.975 

- - Light tan  

No l i m i t  S t e r i c  esters 
Oxidation 
Corrosion 
Antisludge 

246°C (475OF) 246°C (475°F) 

-54°C (-65'F) - 80 

Dies te r  Synthe t ic  

FLASH POINT, COC (min.) 

'OUR POINT, (max.) 

IISCOSITY, 10-6 m2/sec 
(CS.) 
a t  -40°C (-40'F) (max.) 
at 38°C (100'F) (rnin.) 
a t  93OC (210OF) 

TISCOSITY STABILITY (72 
h r .  a t  -40°C (-40°F), 
% Change (rnax.) 

SEUTRALIZATION NUMBER 
(mg. KOH/g) 

204°C (40OoF)), % Weight 
Loss (max.) 

IVAPORATION (6-1/2 hr.  a t  

FOAMING 
a. 24°C (75"F), Foam 

Af ter  5.0 min. 
Aeration, m3 
(ml.) 

(max.) 1.0 min. 
S e t t l i n g ,  10-6 m3 
W . )  

Af te r  5.0 min. 
Aeration, 10-6 m3 

b.  93°C (200°F), Foam 

W . )  
(max.) 1.0 min. 

S e t t l i n g ,  10-6 m3 
W . )  

C.  24°C (75OF) ( a f t e r  
test a t  93OC (200°F) 

Foam After  5.0 min. 
Aeration, m3 
(ml.) (rnax.) 

Foam Af ter  1.0 min. 
S e t t l i n g  

ZURBER SWELL, "H" Synthetic,  
72 hr.  at  70°C (158OF), % 
"F" s yn the t i c ,  72 hr .  a t  

204°C (400°F), % 

XMPATIBILITY, O i l s  Per 
Spec., MIL-L-7808 

257°C (495'F) 249OC (480'F) 

< -70 < -75 

13,000 8,800 
25.0 27.5 

5.0 t o  5.5 5.2 

9,131 8,816 
27.6 27.05 

5.23 5.13 

6.0 0 0 0.20 

10.0 4.5 3.6 3.9 

None 

Nonc 

Trace 

0 

5.0 

0 

25.0 

0 

25.0 

0 

None 

Nonc 

Trace 

0 

10.0 

0 

25.0 

0 

None 

None 
-3 

Trace 5.0 

0 0 

5 t o  25 

5 t o  25 

21.0 24.6 20.6 

- 16.5 

Pass Passes - Passes 
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MILITARY SPECIFICATION: MIL-L-23699(B) 

LUBRICATING OIL, AIRCRAFT TURBOPROP AND TURBOSHAPT ENGINES, SYNTHETIC BASE 

SPEC. ROYCOX TURBO OIL 
PROPERTIES MQ. 899 JET II* 2380 

IEDIMENT, 7 Days a t  24°C 
(75'F), m1/200 m l .  (max.) 

;TORAGE STABILITY (lead 
cor ros ion  weight loss )  
48 hr .  a t  110°C (230°F), 

Weight LOSS, mg/in2 
( m a .  1 

168 hr .  a t  l l O ° C  (230°F), 
Weight Loss, mg/in2 
(max. 1 

LOW TEMPERATURE STORAGE 
(6 weeks a t  -18OC (O'F), 
No Crys ta l l i za t ion ,  
Separation o r  Gelling 

EXTENDED STORAGE (12 months 
at 24'C (75OF)) 

THERMAL STABILITY (24 hr.  
at  274°C (525'F) 
Viscosity Change a t  38°C 
(lOO°F), % 
Neutra l iza t ion  Number 
Change (rnax.) 

CORROSION AND OXIDATION 
STABILITY (72 hr.)  
a. 1 7 5 T  (347°F); 

Viscos i ty  Change, % 
Neutra l iza t ion  Number 

Change (rnax.) 
Weight Change, S t e e l ,  

0.005 - 

0.04 25.0 

150.0 

-0.1 

-1.25 

-1.19 

-10.49 43.4 

Passes Pass 

Pass 

*. Passes 

Passes 

Passes 

Passes 

5.0 

2.0 

0.75 

1.0 

-1.05 

+1.67 

t0.07 

+l. 26 

-5 t o  15 +8.6 +5.0 +10.0 

2 .o 0.30 0.40 0.47 

S i l v e r  
kg/m2 (mg/cm2) 

2 0.2 0.02, 0.05 Passes 0.00 t o  0.01 

Aluminum, Magnesium 
Copper 

b. 204'C (400°F), 
Viscos i ty  Change, % 

Neutra l iza t ion  ,Number 
Change (max.) 

Weight Change, S t e e l ,  
S i l v e r  

10-10 kg/m2 (mg/cm2> 
Aluminum, Magnesium 
Copper 

Sludge, g/lOO m l .  (max.) 

Viscos i ty  Change,% 
Neut ra l iza t ion  Number 

Change 
Weight Change, S t ee l ,  

S i l v e r ,  Aluminum 

10-l' kg/m2 (mg/cm2) 
Magnesium, Copper 
Titanium 

GEAR TEST (RYDER), % Ref. 

C *  218OC (425'F), 

O i l  "HERCOLUBE A" (min.) 

* 0.2 
? 0.4 

0.01, 0.00 
-0.05 

Passes 
Passes 

0.00, +0.01 
0.00 

-5 t o  25 +14.0 +19.0 +14.9 

3.0 0.85 0.75 1.29 

f 0.2 -0.01 t o  0.05 Passes 0.00, 0.00 

2 0.2 
f 0.4 

0.01, -0.06 Passes 
Passes 

0.0067 

0.00, 0.00 
-0.15 - 1.0 0.05 

Report 25.0 i-24.0 +57.4 

Report 2.4 

- -0.06, -0.03, 
0.01 

2.5 5.29 

0.01 t o  0.15, 0.01 

f 0.2 -0.04, -0.12 
f 0.2 

2.97 t o  0.80 - 

102 115 109 112 



MILITARY SPECIFICATION : MIL- L-236 99 (B) 

LUBRICATING OIL, AIRCRAFT TURBOPROP AND TURBOSHAFT ENGINES, SYNTHETIC BASE 

SPEC. ROYCO+ TURBO OIL 

3EARING TEST (100 hr .  a t  
138'12 (280'F) Deposit 
Demer i t  Rating 80.0 (max.) 72.0 66.0 62 .3  
F i l t e r  Deposit, g. 3.0 (ma.) 1.8 1.9 0.434 
Viscosity Changc a t  38°C 

(lOO°F), % -5 t o  30 12.0 14.5 16.4 
Nciitralization Number 

Change 2.0 (max.) 0.3 0.5 0.41 

SllEAR STABILITY (sonic L e s L ) ,  
30 min. a t  38°C (lOOoI.'), 
Viscosity Changc, % (max.) -4.0 

I 

romo ENGINE TEST Pass  

0.5 

Passes 

0.7 

Passes 

-0.06 

Passes 

ic- Royal Lubricants 

:st* 

VOTES: For a descr ip t ion  and recommended usage of t h i s  high temprrature, long-service l i l c ,  

LA Stauf fcr  Chemical Company 
Humble O i l  & Rcfining Company 

synthe t ic  tu rboje t  engine lubr ica t ing  o i l ,  see Section II. 

I n  addi t ion  t o  the products l i s t e d ,  o ther  l ub r i ca t ing  o i l s  which mcct the requirements 
of t h i s  spec i i i ca t ion  a rc :  

Product Name Manufacturer 

Brayco 8996 
RM193A and RM147Al 
Shc l l a i r ,  Turbine O i l  510 
HATCOL 3211 
S a t o  5180 

Bray O i l  Company 
Socony Mobil O i l  Company, I J ~ c .  
Shcl l  O i l  Company, Inc. 
llatco Chcmical Division, W. K. Grace & Co. 
Texaco, Tnr . 
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MILITARY SPECIFICATION: MIL-L-25681C 

LUBRICATING O I L ,  MOLYBDENUM DISULFIDE,  S ILICONE BASE, HIGH TEMPERATURE 

SPEC * ANDEROL* ROYC@* 
WQ. L-751 81 MS 

PROPERTIES 

- 
Passes 

Passes 

- 
- 
- 
- 
- 

- 
- 

Passes 
Passes 

Passes 
Passes 

Passes 
Passes 

- 

- 
- 

CONSISTENCY: 

NOLYBDENUM DISULFIDE, WEIGHT, % 

SILICONE O I L  (METHYL PHENYL POLYSILOXANE), WEIGHT, % 

SODIUM N I T R I T E ,  WEIGHT, % 

Thin Paste 

50 i 1 

50 1 

49.0 

50.87 

0.13 

S P E C I F I C  GRAVITY 1.7 

APPEARANCE 

APPARENT VISCOSITY: a t  2 5 ° C  (77*F), m 2 / s e c  (Cs.) 
a t  9 3 ~  (ZIOOF), 10-6 m 2 / s c c  (cs.) 

G r e y - B l a c k  

780 
280 

COPPER CORROSION Passes 

HUMIDITY CABINET Passes 

TEMPERATURE RANGE : 
SLOW SPEED SLIDING SURFACES 
ANTISEIZE,  THREADS 

SILICONE O I L  CHARACTERISTICS: 
COLOR, ASTM D 1500, Max. 
FLASH POINT,  m i n .  
POUR POINT,  
VISCOSITY; a t  38'C ( lOO°F) ,  m 2 / s e c  (Cs.)  

a t  99'C (210'F) (Cs.) 

EVAPORATION: a t  205OC ( 4 0 0 ° F ) ,  % 

3 9 9 - C  (75O0F)  
7 6 0 ° C  (1400'F) 

Passes 
Passes 

2.0 
2 7 4 ° C  (525OP) - 

65 - 85 
16 - 22 

1.5 
307 'C (585 O F )  

-43°C (-45OF) 
7 5  
18 

1.8 

REFRACTIVE INDEX: a t  2 5 ° C  ( 7 7 ° F )  1.49 

* Lehigh C h e m i c a l  Company .  
* R o y a l  L u b r i c a n t s  Company .  

NOTE: For a descr ip t ion  of t h i s  high t e m p e r a t u r e  heavy o i l  or  l i g h t  grease and r e c o m m e n d e d  
usage, see S e c t i o n  11. 
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MILITARY SPECIFTCATION: MIL-L-2hn87B 

LUBRICATING OIL, RECIPROCATING COMPRESSOR, GROUND SUPPORT 

SPEC. 

PROPERTIES GRADE I" 677 48 7 
REQ . CO SMOLIJBR I C** ROYC@;$:;t 

;PFCIFIC GRAVITY 

188°C (370'F) 

-2l0C (-5°F) 

316°C (6PO"F) 

- 

210°C (410'F) 

-23'C (-10°F) 

- 
193°C (380°F) 

-26OC (-15°F) 

343°C (650°F) 

?I ASH POINT, Min. 

WLX POJNT, Max. 

NITOIGNITION TEMPERATURE, Min. 

IISCOSITY, 10-6 m2/sec 
a t  38°C (100'F) (Cs.)  
at  99OC (210°F) (Cs.)  

105-135 
8-11 

5 .0  

0.20 

110.1 
9 . 3  

5 . 0  

12G 
9 . 5  

@ . 1 5  

'OLOR, ASTM 

:ARBON RESIDUE, %, Max. 

WIITWI IZATION NLWFR: 10-3 kg. WH/kg 
(mg. KOH/g) 

IRACE SEDIYENT, 7,, Max. 

0.10 

0 .05  

0.05 

COPPER STRIP CORROSION: 3 h r .  a t  l o o ° C  
(21'2°F) lASTP') 2.0 No s r a i  1 

FOAMING WARACTERTSTTCS : (D592) 
Foam After 5 rnin. E l m 7 i n ~  

1. Sequeice  1, .?+ 24OC (75°F) 

2. Sequence 2 ,  a t  93OC (700OF) 

3. Senurnce 3, a t  24'C (75'F) ( r e t e s t )  

10-6 m3 Iml . )  

10-6 m3 (ml.)  

10-6 m 3  (ml.) 
Foam A f t e r  10 min. S e t t l i n g  

I. 
2. 
3. 

Sequence I ,  10-6 m3 (ml.) 
Sequence 2 ,  10-6 m3 ( m 1 . j  
Sequence 3 ,  10-6 m3 ( m l . )  

STORAGE STABILITY: 6 Months a t  24'C (75'F) 
( s e p a r a t i o n )  

COMPATIBILITY: ( o t h e r  compressor o i l s )  

COMPRESSOR LUBRICATION TEST: 500 h r .  

3nn 

100 

300 

0 
0 
0 

None S t a b l e  

Yes Passes  

Pass  Passes  

COMPOSITON: 
Base Stock  
Addi t ives  

Naph t h e n i c  
Y r s  

Nophthenic 
Yes 

TEMPERATURE RANGE -18°C - + 5 4 O (  
(0°F - +130"F 

* Grade I1 f i n i s h e d  o i l  i s  a h i g h e r  v i s c o s i t y  o i l  w i t h  s i m i l a r  p r o p e r t i e s .  V i s c o s i t y  a t  38°C (100°F) 
10-6 m2/sec ( C s . )  = 280-320; v i s c o s i t y  a t  99°C (210°F), 10-6 m2/sec (Cs.)  = 16 min . ;  pour p o i n t  
(max ) =  -9°C (15OF); f l a s h  p o i n t  (min.) = 22l0C (430OF). 

** E. F. Houghton & Company 
*** Royal L u b r i c a n t s  Company 

NOTES: For  a d e s c r i p t i o n  o f  t h i s  l u b r i c a t i n g  o i l  f o r  h i g h  p r e s s u r e  a i r  c m p r e s s o r s  and t h e i r  
r e c m e n d e d  usage,  see S e c t i o n  11. 

I n  a d d i t i o n  t o  t h e  products  l i s t e d ,  many of t h e  c m e r c i a l  petroleum and l u b r i c a t i o n  
companies manufacture  l u b r i c a t i n g  o i l s  which meet  t h e  requi rements  or t h i s  
s p e c i f i c a t i o n .  
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MILITARY SPECIFICATION : MIL-L-45199B 

LUBRICATING OIL; INTERNAL COMBUSTIoEl ENGINE (HIGH OUTPUT DIESEL - GRADE 1 0 )  

SPEC. . CITGO* . GULF* SUPER PED-3463*** ' 

PROPERTIES REQ . C-510 DUTY 1OW SAE 1 0  - 
GRAVITY,  API 

FLASH POINT, Min. 

FIRE POINT 

POUR POINT, Max. 

STABLE POUR POINT, Max. 

VISCOSITY, 10-6 m2/sec (cs.) 
a t  - 1 8 O C  (O'F), Max. 
a t  99°C (210°F), Max. 

VISCOSITY INDEX 

FOAMING PROPERTIES: Allowable 
Foam Immediately A f t e r  5-min. 
Blowing ( a f t e r  10-min. s e t t l i n g ) ,  
10-6 m3 o r  m l .  

(a)  Sequence 1 a t  24OC (75OF) 
( b )  Sequence 2 a t  93OC (200OF) 
( c )  Sequence 3 a t  24OC (75'F) 

- 
182°C (360OF) 

-29OC ( -20°P)  

-29OC (-2O0F) 

OXIDATION CHARACTERISTICS: ( c l r .  
engine  t e s t )  

R I N G  STICK, WEAR AND DEPOSITS 
(480 h r . ,  " c a t e r p i l l a r "  d i e s e l  
t e s t  engine)  

COMPATIBILITY: ( o t h e r  o i l s  per  
spec. 

CARBON RESIDUE, % Max. 

SULFATED RESIDUE, % 

SULFUR, ';6 

PHOSPHORUS, % 

BARIUM, % 

CALCIUM, x 
ZINC, Z 

V I  IMPROVER 

OXIDATION INHIBITOR 

DETERGENT 

ANTIFOAM ADDITTVE 

2,614 
5.44 - 7.29 

25 (0) 
125 (0) 
25 (0) 

Pass  

Pass  

- 

- 

. .  
I 28.5 

204OC (4OOOP) 

227°C (44OOF) 

-32°C (-25OF) 

-29°C (-2O0F) 

2,610 
6.04 

95  

Passes  
Passes  
P a s s e s  

Passes  

Passes  

2 .8  

2.3-2.6 

0.31-0.51 

0.015-0.025 

0.41-0.61 

0.44-0.64 

0.015-0.025 

NO 

Yes 

Yes 

.. 
28.1 26.5-29.0 *' .. 

235°C (455OF) . 182°C t o  221°C 
(360°F to 440°F) 

254°C (490'F) 

-32°C (-25'F) -34°C (-30'F) 

< -32OC (< -25OF) 

2,060 2,172-2,200 
5.82 5.95-6.50 

116 

Passes  
Passes  
Passes  

Passes  

Passes  

2.82 

2.64 

0.37 

0.02 

0.47 

0.51 

0.02 

Yes 

Yes 

Yes 

Yes 

106-113 

Pasces  
Pa :, be:, 

Passes  

Passes  

Passes  

2 .15-2.  

1.8-2.6 

0.65-0.85 

0.63-0.74 

0.50-0.72 

0.66-0.78 

- 
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8.0 

MILITARY SPECIF !ATION: MIL-L-45199B 

LUBRICATING OIL; INTERNAL CCMBUSTION ENGINE (HIGH OUTPUT DIESEL - G W E  10) 

SPEC. CITGO* GULF* SUPER PED-3463** 
PROPERTIES RE% C-510 DUTY 1OW SAE 10 

NEUTRALIZATION NO. kg. KOH/kg 
(mg. KOH/g) 3 .60 

COLOR: (ASTM D 1500) ,  Max. 7 .5  

C i t i e s  S e r v i c e  O i l  Company 
9;>k Gulf O i l  Company 
,.I.- Standa rd  O i l  Company of C a l i f o r n i a  

NOTES: 

*** 

For  a d e s c r i p t i o n  and recommended u s a g e  of t h i s  g r a d e  of heavy  d u t y  e n g i n e  o i l ,  s e e  S e c t i o n  I1 

I n  a d d i t i o n  t o  t h o s e  l i s t e d ,  o t h e r  p e t r o l e u m  p r o d u c t s  which m e e t  t h e  r e q u i r e m e n t s  
o f  t h i s  s p e c i f i c a t i o n  a re :  

P roduc t  N a m e  M a n u f a c t u r e r  

American 5-3, Motor O i l  SAE 1 O W  American O i l  Company 
R - I v d u s t r i a l  O i l  No. 17-2  American O i l  Company 
Ultramo S e r i e s  3 A l t a n t i c  R e f i n i n g  Company 
Conoco S-3, LC No. 42 C o n t i n c n t a l  O i l  Company 
E s s o l u b e  D-3, 1 O W  Humble O i l  & R e f i n i n g  Company 
Deep Rock SHD-3 I n t e r n a t i o n a l  Lrihr icant  C o r p o r a t i o n  
P h i l l i p s  66 Super  HD O i l  
S h e l l  Rimula O i l  1 O W  Stic11 O i l  Company 
Delvac 5-210 Socony Mobil  O i l  Company, I n c .  
Ocnus HD-2410 Sun O i l  Company 
Ursa O i l ,  Super  Duty SAE 10W Texaco, I n c .  

P h i l l i p s  Pe t ro l eum Company 
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MILITARY SPECIFICATION: MIL-L-45199B 

LUBRICATING OIL: INTERNAL CWBUSTION ENGINE (HIGH OUTPUT DIESEL), GRADE 30 

GULF** SUPER 
SPEC. CITGOK' DUTY MOTOR PED-3464- 

PROPERTIES REQ . C-530 OIL LOW, 30 SAE 30 

GRAVITY, APT. 

FLASH POINT, Min. 

FIRE POINT 

POUR POINT, Max. 

STABLE POUR POINT, Max. 

VISCOSITY, 10-6 m2/sec (cs.)  at 
-18°C (OOF) (max.) 
99°C (210°F) (max.) 

VISCOSITY I N D E X  

FOAMING PROPERTIES, Allowable 
Foam h n e d i a t e l y  Af te r  5 
Min. Blowing ( a f t e r  10 min. 
s e t t l i n g ) ,  10-6 m3 o r  m l .  

a. Sequence 1 at  24°C 

b. Sequence 2 a t  93°C 

C. Sequence 3 a t  24'C 

(75'F) 

(200 OF) 

(75'F) 

OXIDATION CHARACTERISTICS 
( c l r .  engine t e s t )  

RINK STICK, WEAR AND DEPOSITS 
(48 hr . ,  " ca t e rp i l l a r "  d i e se l  

t e s t  engine) 

CaMPATIBILITY (o ther  o i l s  per 
spec.) 

CARBON RESIDUE, %, Max. 

SULFATED RESIDUE, % 

SULFUR, % 

PHOSPHORUS, % 

BARIUM, % 

CALCIUM, % 

ZINC, % 

V I  IMPROVER 

OXIDATION INHIBITOR 

DETERGEHT 

ANTIFOAM ADDITIVE 

NEUTRALIZATION hWfBER, kg. 
KOH/kg (mg. KOH/g) 

- 
199OC (390'F) 

- 
-18°C (OOF) 

- 

43,570 
9.65 t o  12.98 

26.5 

238'C (460°F) 

266°C (510°F) 

-15'C (5'F) 

21,700 
10.31 t o  12.14 

95 

Passes 

Passes 

Passes 

Passes 

Passes 

Passes 

2.8 

2.3 t o  2.6 

0.31 t o  0.51 

0.015 t o  0.025 

0.41 t o  0.61 

0.44 t o  0.64 

0.015 t o  0.025 

No 

Yes 

Yes 

26.1 

257OC (495'F) 

266OC (510°F) 

-18°C (0°F) 

14,100 
11.75 

100 

Passes 

Passes 

Passes 

Passes 

Passes 

Passes 

2.68 

2.54 

0.34 

0.02 

0.46 

0.50 

0.02 

Yes 

Yes 

Yes 

Y e s  

3.30 

26.0 t o  27.8 

232% (450'F) 

- 
-18°C (OOF) 

- 

13,000 t o  i4,9a 
11.66 t o  12.31 

96 t o  99 

Passes 

Passes 

Passes 

Passes 

Passes 

Passes 

2.13 t o  2.35 

1.8 t o  2.1 

0.60 t o  0.64 

0.63 

0.50 t o  0.60 

0.66 

- 
- 
- 

- 
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MILITARY SPECIFICATION : MIL- 12-45 199B 

SPEC. C ITGO* DUTY MOTOR 

COLOR (AS’lTI D 1500), M a .  I - I 8 . C  7.5 

* C i t i e s  Service O i l  Company 
;:* Gulf O i l  Company 
?M* Standard O i l  Company of Cal i forn ia  

NOTES: For a descr ip t ion  and r e c m e n d c d  usage of t h i s  grade of heavy duty rngine o i l ,  
see Section 11. 

I n  addi t ion  t o  the products lisLed, m051: petroleum and lubr icant  companies produce 
heavy duty o i l s  which meet t he  requircments of t h i s  spec i f i ca t ion .  Some of these 
a r e  : 

Product Name Manufacturer I 
American S-3, Motor O i l  SAE 
R-Industrial  O i l ,  No. 57 2 
Ultramo Ser ies  3 
Conoco S-3, Diesel O i l  
Posolube Ser ies  3 
Essolube D-3, SAE 30 
Phi l l i p s  6 6 ,  Super ID O i l  
She l l  Rimula O i l ,  SAE 30 
Tagolene S-3 
Delvac 5-230 
Ocnus HD 2430 

30 American O i l  Company 
American O i l  Company 
At lan t ic  Refining Company 
Continental  O i l  Company 
Golden Rear O i l  Company 
Shel l  O i l  Company 
Ph i l l i p s  Petrolelmi Company 
S h r l l  O i l  Cornpans. 
Skelly O i l  Company 
Socony Mobil O i l  Company, Inc. 
Sun 0 ~ 1  Company 

I 
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UXJ VAPOR PRESSURE SYNTHETIC FLUIDS 

"APIEZON" HIGH VACUUM AND LUBRICATING OILS (JAMES G. BIDDLE COMPANY) 

LUBRICATE AND 
DIFFUSION PUMP OILS SEALING OILS 

PROPERTIES OIL A O I L  B OIL c OIL J OIL K 

ULTIMATE PRESSURE OBTAINABLE 
N/m2 6.65 10-3 
Torr 5 10-5 

133.3 N/m2 (1.0 t o r r ) ,  O C  190 
(OF) (374) 

AVERAGE BOILING POINT a t  

(68OFj60 OF) 
3O0C/15.5"C (86 'F/60°F) 

DENSITY, g/ml at: 
10°C (50°F) 
20'C (68'F) 
30°C (86'F) 
40% (104°F) 

FLASH POINT, O C  (OF) Closed 
Open 
F i r e  

VISCOSITY, KINEMATIC, 
10-6 m2jsec (cs.) a t  
20°C (68OF) 
4OoC (104°F) 
100°C (212OF) 

VISCOSITY, DYNAMIC, 10-3 N s 
(CP) a t  40°C (104'F) 

POUR POINT, AS'IM, "C (OF) 

SPECIFIC GRAVITY a t  2O0C/15.5"C 
0.865 
0.859 

0.871 
0.865 
0.859 
0.852 

210 (410) 
210 (410) 
232 (450) 

59 
23.4 

4.5 

/m2 
19.9 

-7 (20) 

COEFFICIENT OF EXPANSION OVER 
lO"C-4O"C (50°F-104"F) 
per O C  0.00083 
per OF 0.00046 

AVERAGE MOLECULAR WEIGHT 354 

REFRACTIVE 1M)EX a t  20% 
(68°F) (AS'IM D 1807 62T 
Sodium D l i n e )  1.4780 

THERMAL CONDUCTIVITY Btu i n  
f tz jh ,  "F 0.91 
w/m, "C 0.132 

SPECIFIC HEAT a t  25% (77°F) 
c a U g  0.46 
Joule/g 1.9 

1.33 10-4 
10-6 

220 
(428) 

0.873 
0.869 

0.878 
0.872 
0.866 
0.859 

243 (470) 
243 (470) 
263 (505) 

142 
49.3 

7.0 

42.4 

-9 (15) 

0.00080 
0.00044 

420 

1.4815 

0.91 
0.132 

0.49 
2.0 

1.33 10-5 
10-7 

255 
(491) 

0.876 
0.869 

0.881 
0.875 
0.869 
0.863 

246 (475) 
266 (510) 
293 (560) 

2 83 
90 
10.6 

77.2 

-15 (5) 

0.00080 
0.00044 

479 

1.4830 

0.96 
0.139 

0.46 
1.9 

- 
- 

- - 

0.918 
0.911 

0.923 
0.918 
0.909 
0.903 

310 (590) 
352 (665) 

- - 
- - 

0.919 
0.914 

0.921 
0.916 
0.912 
0.904 

341 (645) 
349 (660) 

> 371 (> 700) > 371 (> 700) 

3,330 5,710 
107 177 

3,005 5,160 

-1 (30) -1 (30) 

0.00083 0.00070 
0.00039 0.00046 

1,130 1,355 

1.16 1.17 
0.167 0.169 

0.48 0.46 
2.0 1.9 

NOTES: 1. The f l u i d s  combine good lubr ica t ing  proper t ies  with law vapor pressure,  and a r e  intended 
f o r  l ub r i ca t ion  of a l l  moveable p a r t s  i n  a vacuum system. 
s t a b i l i t y .  

They a l s o  have good chemical 

2. "Apiezon" O i l s  A, A ,  and C arc primarily vacuum d i f fus ion  pump o i l s ,  while O i l s  J and K a r e  
lubr ica t ing  and sea l ing  o i l s  f o r  r o t a t i n g  gland s e a l s  and s imi l a r  equipment. 
moderately viscous with a low vapor pressure,  and K i s  exceedingly viscous and has even 
lower vapor pressure than J. 

O i l  J is 
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LIQUID LUBRICANT FOR SPACE APPLICATIONS 

BALL BROTHERS RESEARCH CORPORATION 

PROPERTIES 
VAG KOTE OIL VAC KOTE OIL VAC KOTE OIL 

36218 36233 36234 

4ILITARY SPECIFICATION 

:OMPOSITION: Base O i l  
Addi t ives  

%ASH POINT 

? I R E  POINT 

None None None 

S y n t h e t i c  Hydrocarbon S y n t h e t i c  
- 

> 260'C 0 500°F) > 260'C 0 50O0F) 288°C (550°F) 

> 260°C (' 500'F) I> 26OoC 0 500°F) > 288°C (> 550'F) 

POUR POINT -40°C (-40'F) 

JSABLE TEMPERATURE RANGE: Low -40°C (-40'F) 
High 232°C (450'F) 

EVAPORATION; 'X W t .  Loss ,  28 h r .  at 154°C 
(310'F) 1.8 

VISCOSITY: m 2 / s e c  (Cs . ) ;  a t  99°C (210°F) 10 
a t  38'C (100°F) 

VISCOSITY INDEX 

SHELL FOUR-BALL WEAR TEST; a t  100°C 
(212°F) 90 min . ,  600 rpm, 98.07 N 
(10 kg.); Average Scar  Dia.: nun. 

OXIDATION STABILITY: (Bomb) a t  99°C 
(210°F) Press i i re  Drop a t  100 h r . ,  
N/m2 ( p s i )  
V i s c o s i t y  Chcnge a t  38"r ~ ' t ' n " F \ ,  

A c i d  Numlier Change: k r .  FOH/kI: 
(mg. KOH/g) 

d / s e c  ( c s . )  

SURFACE TENSION: Dyneslcm, 23°C (73°F) 

COMPATIBILITY WITH METALS: 
(48 h r .  i n  0 . 1  a t  64°C (148°F) 
440 C & 52100 S t e e l ,  Brass & Copper 
S i l v e r ,  Aluminum (20241'3), & 
Titanium (6A1-4V) 

COMPATIBILITY WITH; Rubber 
Jet and Rocket Fuel 
LOX 

FLIJTD PROPERTIES 
Foam R e s i s t a n t  
Wear R e s i s t a n t  (EP) 
Corrosion I n h i h i t  i ng 
Water R e s i s t a n t  
Good S t o r a g e  S t a h i l i t y  

78 

110 

0.207 

0 ( 0 )  

0 

0 

23 

No change 

No change 

S y n t h e t i c  

S a t i s f a c t o r y  

Y e s  
Yes 

Y e s  
Yes 

-9OC (45OF) -51'C (-60'F) 

-7°C (20°F) -48°C (-55'F) 
93OC (200'F) 121°C (250'F) 

0 .90 

10 
100 

9 3  

0.40 

9 
56 

129 

0.483 0.266 

28,960 N/m2 (4 .2  p s i ) .  4,137 N;m2 (0.6 p s i )  

+ 3 . 8  + O . 2  

+0.65 +0.72 

34 28.5 

No change NO change 

No change No change 

S a t i s f a c t o r y  S y n t h e t i c  
- 

- 

Yes 
Yes 

Yes 

Yes 
Yes 

Yes 

NOTES: Vac Kote O i l  36218 is a chemica l ly  and t h e r m a l l y  s t a b l e  o i l  f o r  a i r  vacuum and space  lub-  
r i c a t i o n .  T y p i c a l  u s e s  are for low and h i g h  speed h e a r i n g ;  j o u r n a l ,  b a l l  o r  r o l l e r ,  
s l i d i n g  s u r f a c e s ,  g e a r s  and e lectr ical  equipment. 

Vac Kote O i l s  36233 and 36234 are extreme p r e s s u r e  o i l s  f o r  a i r ,  vacuum and space  lub-  
r i c a t i o n s .  Typica l  a p p l i c a t i o n s  are s imilar  t o  V a c  Kote O i l  36218. 
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LOW VISCOSITY TURBINE OIL 

PETROLEUM RASE, @ray O i l  Company) 

DOUGLAS AIRCRAFT SPEC. 
PROPERTIES DF'M-352 BRAYCO 450 

GRAVITY, 'API 

FLASH POINT, COC, Minimum 

POUR POINT, Maximum 

VISCOSITY, m2/sec (cs.) 
a t  -18OC (O'F) 
a t  38°C (100°F) 
at 99°C (210°F) 

CARBON RESIDUE, CONRADSON, % W t .  

A C I D I T Y ,  kg. KOH/kg (mg. KOH/g) 

VISCOSITY INDEX:  Minimum 

CORRISION AND OXIDATION STABILITY, 76°C (168 hr.) 
at 121°C (250°F), W t .  Change, kg/m2 (mg/cm2), Maximum 

S t e e l  
Copper 
Aluminum Alloy 
Magnesium Alloy 
Cadmium Alloy 

Change i n  Viscosity a t  38°C (lOO°F), % 
Change i n  Neut ra l iza t ion  No., 

10-3 kg. KOH/kg (mg. KOH/g), M,x,;mum 
Gumming and InsoIubles 

28.0 - 30.0 

154'C (310°F) 

-4O'C (-40°F) 

1,195 - 1,415 
29.7 - 30.8 
5.17 - 5.29 

0.55 - 0.70 

Alkaline 

110 

f 0.2 
f 0.2 
f 0.2 
f 0.2 
f 0.2 

-5 t o  +20 

0.2 
N G L ~  

28.6 

166OC (33OOF) 

-43°C (-45°F) 

1,275 
30.4 
5.29 

0.65 

0.10 Basic 

113 

0.0 
0.0 
0.0 
0.0 
0.0 

4.5 

0.10 
None 

NOTE: Brayco 450 is a low v i scos i ty  o i l  f o r  high speed mechanisms wi th  super ior  l ub r i can t  p rope r t i e s  
t o  most sp indle  and turb ine  o i l s .  It has a low pour poin t  and good high temperature p rope r t i e  
as w e l l  as good oxida t ion  s t a b i l i t y  and rust pro tec t ion  properties.  
a t t a i n  very good l u b r i c i t y  and added f i l m  s t r eng th  o r  load car ry ing  a b i l i t y .  This o i l  is ratel 
as a good heavy duty lubr icant .  

It conta ins  add i t ives  t o  

Recommended uses :  High speed mechanisms, expansion tu rb ines  o r  je t  turbo  engines, hydraulic 
torque conver te rs ,  f l u i d  couplings,  and p lane tary  gears.  
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ELECTRICAL INSULATING OIL, PETROLEUM BASE (BRAY OIL COMPANY) 

G.E. SPEC. 
PROPERTIES 46A100318 BRAYCO 707 

GRAVITY, APl 30-34 31.4 

COMPOSITION, Base O i l  Highly r e f i n e d  petroleum - 
A d d i t i v e s  Oxida t ion  and s l u d g i n g  

FLASH POINT, COC, Minimum 132°C (270OF) 135°C (275OF) 

POUR POINT, Maximum -65OC (-85°F) < -65'C (< -85'F) 

USABLE TEMPERATURE RANGE, -54°C t o  121°C (-65"to 250°F) 

VISCOSITY, lom6 m2/sec (Cs.) a t  38°C (100"F), Minimum 6.8 7.08 

- 

a t  -54OC (-65OF), Maximum 12,000 11,800 

DIELECTRIC STRENGTH, kv., Minimum . 35 > 35 

WATER AND SEDIMENT, % W t .  0 0 

CORROSION AND OXIDATION STABILITY, A i r  a t  121'C (250"F), 
168 h r .  Meta ls  %, W t .  Change, 10-10 kg/m2 (mg/cn?) 

Copper, Maximum ?r 0.6 
A l .  Al loy ,  Maximum ?r 0.2 
Magnesium Al loy ,  Maximum ?: 0.2 
S t e e l ,  Maximum +_ 0.2 
Cadmium, Maximum ? 0.2 

Change i n  N e u t r a l i z a t i o n  No., Maximum 0.2 

Change i n  V i s c o s i t y ,  a t  38OC (lOO°F), % -5 t o  +20 

NOTES: Brayco 707 m e e t s  t h e  requi rements  of Genera l  Electric Spec. 46A100318. 

RECOMMENDED USES: Transformers ,  c i r c u i t  b r e a k e r s ,  a p p l i c a t i o n s  encounter ing  h igh  v o l t a g e  g r a d i e n t s .  

-0.01 
0.00 
0.00 
0.00 
0.00 

0.01 

+5.0 
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HIGH TEMPERATURE SYNTHETIC FLUIDS 

PERFLUOROCARBON FLUIDS (E.I. duPont de  Nemours and Company) 

HYDRAULIC FLUID GAS TURBINE OIL 
PROPERTIES PR-143* PR-143* 

USABLE TEMPERATURE RANGE 

POUR POINT 

INCIPIENT DECOMPOSITION TEMPERATURE 

THERMAL DECOMPOSITION RATE, %/Day 
a t  343°C (650'F) 
a t  399°C (750°F) 

- 4 6 C  to 371OC 
(-50°F t o  700°F) 

-43°C (-45 OF) 

417°C (782°F) 

0.01 
1.30 

AUTO. IGNITION TEMPERATURE 704°C (> 1300°F) 

HOT MANIFOLD TEST ( f l a sh  o r  f i r e  a t  732°C (1350OF) None 

HIGH PRESSURE SPRAY IGNITION ( f l a sh  o r  i g n i t e )  None 

VISCOSITY, 10-6 m'/sec (cs.) 
a t  -29°C (-20'F) 
at  -18OC (0°F) 
a t  38°C (100°F) 
a t  100°C (210'F) 
a t  204°C (400'F) 

32,000 
7,400 

95 
11 

1.9 

VISCOSITY INDEX 109.0 

ASlM SLOPE 0.68 

VOLATILITY, % W t .  Loss, 6.5 hr.  a t  204°C (400°F) 
6.5 hr .  a t  26OoC (500°F) 

DENSITY, kg/10-3 m 3  (g/mI) 
a t  24°C (75'F) 
at  93OC (ZOOOF) 
a t  149°C (300°F) 
a t  204°C (400°F) 

15.0 
53.0 

1.90 
1.77 
1.67 
1.57 

FOAMING (5.0 min. blowing, 10.0 min. s e t t l i n g )  Negl. 

HYDROLYTIC STABILITY, 48 h r .  a t  93OC (200°F) 
Copper S t r i p ,  Weight Change, % 0.00 

Viscosity Change a t  38°C (lOO°F), % M.4  
Neut ra l iza t ion  Number, kg. KOHfkg (mg. KOHfg) < 0.01 
Inso lubles ,  % W t .  0.00 
Color, AS?M, D-1500 < 0.05 

Copper Appearance Light t a rn i sh  

RADIATION RESISTANCE (dosage = lo7 rads. of thermal neutrons and 
' 

Y-rays) Viscosity Change a t  38OC (100"F), % -7.8 
Neut ra l iza t ion  Number, kg. KOH/kg (mg. KOH/g) 2.9 

FOUR-BALL WEAR TEST (1.0 hr.  a t  600 rpm) 52100 S t e e l  Bal l s  i n  A i r  
75OC (167OF), 98.1 N (10 kg.) Load; Scar D i a .  lob3 m. - 
75% (167"F), 372.4 N (40 kg.) Load; Scar D i a .  m. - 
204°C (400"F), 98.1 N (10 kg.) Load; Scar D i a .  m. - 
204°C (400°F), 372.4 N (40 kg.) Load; Scar D i a .  m. - 
371°C (700°F), 98.1 N (10 kg.) Load; Scar D i a .  m. - 
371°C (700"F), 372.4 N (40 kg.) Load, Scar D i a .  10-3 m. - 

M-10 S t e e l  Balls i n  A i r  

-46°C to  371°C 
(-50'F t o  700'F) 

-29°C (-2OOF) 

417°C (78Z0F) 

0.01 
,-, 1.30 

704°C (z 1300°F) 

None 

None 

- 
38,600 

300 
28 

4.1 

119.0 

0.59 

Negl. 
2.0 

1.90 
1.77 
1.67 
1.57 

Negl. 

0.00 
Light t a r n i s h  

M.4 
< 0.01 

0.00 
0.5 

-7.8 
2.9 

0.26 
1.02 
0.36 
1.43 

0.52 
0.70 

* Property values given are typ ica l ,  as the  PR-143 c l a s s  of f l u i d s  can be a l t e r e d  t o  f i t  spec i f i c  
requirements. 

NOTE: PR-143 synthc t ic  f l u i d s  are co lo r l e s s  and odor less ;  they have very good thermal and chemical 
s t a b i l i t y ,  and cause l i t t l e  e f f e c t  on swelling of elastomers. 
i s  obtained up t o  371°C (700°F) wi th  varying speed and load conditions.  

Lubrication wi th  these  f l u i d s  
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LOW TEMPERATURE SYNTHETIC FLUIDS 

"FCMBLIN" FLUORINATED FLUIDS (MONTECATINI EDISON S.p.A.) 

PROPERTIES Y O 1  YO4 Y 06 Y25 w YR 

LPPEARANCE 

IISTILLATION RANGE, "C 90% m., 
0.3-0.4 m. Hg. "F 

?OUR POINT 

JAPOR PRESSURE, nun. Hg. a t  
149°C (300'F) 

IVERAGE COEFFICIENT OF THEPMAL 
EXPANSION 

-1°C t o  12l0C x 104/"C 
(30'F t o  250°F) x lO4/OF 

JISCOSITY, 10-6 m2/sec (cs.) 
a t  -18°C (O'F) 
a t  38'12 (100°F) 
a t  99'C (210OF) 

JISCOSITY INDEX 

SPECIFIC GRAVITY, 25O/2SoC 
(77'/77'F) 

)ENSITY, 25°C (77OF), kg/m3 
( Ib  /ga 1) 

4UTOIGNITION TEMPERATURE 

?LASH POINT 

FIRE POINT 

EFRACTIVE INDEX, n25 
D 

SPECIFIC HEAT, Joule/kg (Btu/lb) 
a t  38°C (100°F) 

r m m L  CONDUCTIVITY, 16 0-93 oc 

(60"-200°F), Watt/m"C (Btu- 
f t / h r  ft2'F) 

4CID NUMBER 

230-374 

< -73 
(< -100) 

(9.5 mm. hg.) 

40 

11.2 
6.2 

100 
4.5 
1.4 

1.85 

1,848 
(15.4) 

None 

None 

None 

1 ~ 289 

Clear and Color less ,  All Grades 

176-410 

< -68 
(< -90) 

3.5 

10.8 
6.0 

600 
16 
3.2 

52 

1.87 

1,872 
(15.6) 

None 

None 

None 

1.296 

- - 374-554 518 

< -46 < -34 < -29 < -23 
(< -50) (< -30) (< -20) (< -10) 

1.3 0.06 - 0.0005 

10.4 9.4 9.4 9.4 
5.8 5.2 5.2 5.2 

2,000 11,000 12,000 70,000 
28 90 162 5 16 
4.0 9.4 18.6 41  

58 106 130 134 

1.88 1.90 1.90 1.91 

1,884 1,896 1,896 1,908 
(15.7) (15.8) (15.8) (15.9) 

None None None None 

None None None None 

None None None None 

1.296 1.300 1.299 1.304 

558 (0.24) fo r  A l l  Grades 

0.000492 (0.041) f o r  A l l  Grades 

0.00 f o r  A l l  Grades 
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LOW TEMPERATURE SYNTHETIC FLUIDS 

"FOMBLIN" FLUORINATED FLUIDS (MONTECATINI EDISON S.p.A.) 

PROPERTIES YO 1 Y 04 YO6 Y25 w YR 

SURFACE TENSION a t  25°C (77'F), 
Dynesjcm 18 19 19 20 20 21 

XELECTRIC STRENGTH, 0.254 cm. 
(0.1 in.  gap) Greater Than 30 kv. 

JOLATILITY and Weight Loss 
22 h r .  a t  149°C (300'F) 100 60 40 7 10 1 

NOTES: 1. General p roper t ies :  The Fomblin f l u i d s  a r e  l i nea r  perfluoropolyethers and are ava i l ab le  i n  
seve ra l  grades with d i f f e r e n t  average molecular weights. 
r e s i s t ance  t o  oxidation and chemical a t t ack ,  have exce l len t  thermal s t a b i l i t y ,  a wide 
liquid-temperature range, and good lubr ica t ing  capabi l i ty .  

These f lu ids  possess outstanding 

They are suggested as lubr icants  and sea l ing  compounds f o r  appl ica t ions  requi r ing  exceptiona 
thermal r e s i s t ance ,  o r  r e s i s t ance  t o  oxidation and chemical a t tack .  

2. Lubricity:  The Fomblin f l u i d s  are good lubr icants ,  pa r t i cu la r ly  under boundary and E.P. 
conditions.  For example, with Fomblin Y25 i n  the 4 -ba l l  wear t e s t  with s t e e l  on s t e e l  
fo r  2 hr. a t  40 kg. and 1,200 rpm, the  average wear sca r  diameter w a s  only 0.86 nun. In 
the  4-ba l l  E.P. t e s t  f o r  1 min. a t  1,500 rpm the maximum load before se izure  w a s  50 kg. 

3 .  Chemical s t a b i l i t y :  The Fomblin f lu ids  a r e  s t ab le  i n  contac t  wi th  fue l s ,  strong ac ids  and 
bases,  ch lor ine ,  f l uo r ine ,  bromine, oxidizing agents,  water, and steam. The Fomblin Y O 1 ,  
Y04, Y25 f lu ids  w i l l  not r eac t  with pure oxygen a t  249°C (480°F) a t  pressures up t o  
11.7 x lo6 N/m2 (1,700 ps i ) .  

The Fomblin YR and YU f l u i d s  w i l l  no t  r eac t  with pure oxygen a t  249°C (480°F) a t  pressures 
up t o  8.6 x lo6 N/m2 (1,250 ps i ) .  

The Fomblin f lu ids  are decomposed by halogenated L e w i s  acids such as  AlC13, SbF5 and CoF3 
a t  temperatures above 100'C (212OF). 

Thc Fomblin f lu ids  ( in  common with o ther  highly f luor ina ted  f lu ids )  may r eac t  v io len t ly  w i t h  
aluminum and magnesium and t h e i r  a l loys  under conditions where f resh ,  ac t ive  metal  sur -  
faces may be created; such as under high rates of shear o r  high bearing loads. These con- 
d i t i ons  could occm during machining and d r i l l i n g  of pa r t s ;  o r  during the operation of a 
loaded bearing; o r  movement of a threadrd connector. 

4. Compatability with p l a s t i c s  and elastomers: The Fomblin f lu ids  do not a f f e c t  most com- 
mercia l ly  ava i lab le  p l a s t i c  and elastomeric materials. For example, elastomers svrh as 
n i t r i l e ,  bu ty l ,  f luoros i l icone ,  Viton a r c  unchanged a f t e r  soaking 1 month i n  Fomblin YO4 
f l u i d  a t  70°C (158°F). Most plasiics (polyamides, polyacetals,  PTFE, e tc . )  may be used 
i n  contact with the f l u i d s  up t o  the  top tcmpcrature l imi t a t ion  of the p l a s t i c  mater ia l  
i t s e l f .  

5. These o i l s  are used i n  spcc ia l  greases,  see Rraycotc 631A, Bray O i l  Company. 
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FLUOROCARBON LIQUIDS: FLUORINATED EmER FLUIDS 

HYDRAULIC AND INSTRUMENT FLUIDS; E. I. du PONT de 
NEMOURS & COMPANY) 

FREON E5 PROPERTIES FREON E l  FREON E2 FREON E 3  FREON E4 

)OILING POINT 

?LASH POINT 

?OUR POINT 

39OC (102OF) 10l°C (214°F) 

None None 

-154°C (-246OF) -122°C (-188°F) 

7LAMMABILITY 

JISCOSITY, 10-6 m2/sec 
(Cs.) a t  -54°C (-65°F) 

a t  25'C (77'F) 

jPECIFIC HEAT OF LIQUID 
a t  25OC (77OF) Joule/kg°C 
(ca l  / g / W  

DENSITY, Kg/m3 (g/cm) 
a t  -54OC (-65"F)* 

25OC (77OF) 

VAPOR PRESSURE N/m2 
(mm. Hg) a t  25°C (77°F) 

L I Q U I D  THERMAL CONDUC- 
TIVITY,  Watt/m°C 
(Btu . f t / h r  f t 2  OF) 
a t  25'C (77°F) 

DIELECTRIC STRENGTH 
KVmS/O.00254 m. 
(KV,,/O.~O in.) 

DIELECTRIC CONSTANT 
(100 cps) 

PERCENT COMPRESSIBILITY 
a t  25OC (77OF) 
101 x lo5 N/m2 
(100 ATMS) 

(500 ATMS) 
1010 x N5/m2 

505 x 105 ~ / m 2  

(1,000 ATMS) 

COMPATIBILITY: P l a s t i c s  
Elastomers 

Nonf lam. 

- 
0.33 

- 

1.752 
1.538 

57,300 
(430) 

2.38 

8.20 

12.13 

Y e s  
Y e s  

Non f lam. 

5.0 
0.61 

1,021 
(0.244) 

I. 841 
1.659 

3,870 
(29) 

0.0778 
(0.045) 

34.6 

2.76 

1.81 

6.48 

9.93 

Y e s  
Y e s  

152°C (306'F) 193°C (380°F) 218OC (424'1 

None None No ne 

-115°C (-175'F) -95'C (-139°F) -72'6 (-98'1 

Nonf lam.  Nonf l am.  Nonf l a m .  

21.6 
1.2 

1,017 
(0.243) 

1.882 
1.723 

320 
(2.4) 

0.0713 
(0.0412) 

39.5 

140* 
2.3 

1.909 
1.765 

44.5 

3.9 

1.924 
1.796 

- 

49.5 

2.58 

1.55 

5.64 

8.81 

Y e s  
Yes 

1.42 

5.18 

8.14 

Yes 
Y e s  

1.34 

4.85 

7.76 

Y e s  
Yes 

* Extrapolated Data 

NOTES: These f l u i d s  are pa r t  of a s e r i e s  o f  Freon E, homologous f luor ina ted  e thers ,  low v o l a t i l i t y  
f l u i d s  which cover a wide range of proper t ies .  
temperatures, nonflammable, have a low order of acute  tox ic i ty ,  excelIent e l e c t r i c a l  
p roper t ies ,  and have good heat t r ans fe r  properties.  

Some of the recommended usages are: l i qu ids  f o r  extreme environment conditions,  a s  hydraulic 
and instrument f lu ids ,  heat t r ans fe r  media, and a s  d ie lec t r ic -coolan ts .  

A l l  a r e  usable a t  very high and low 
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GYRO LUBRICANTS~' 
KENDALL REFINING COMPANY 

PROPERTIES SRG-40 SRG-60 KG-80 SRG-100 

MIL-L-83176 ILITARY SPECIFICATION 

RAVITY: API 

OMPOSITION: Base Oil 
Additives: Antioxidant, % 
Tri-cresyl-phosphate, % 

ISCOSITY: m2/sec. (Cs.) at 38°C 
(100°F) at 99°C (210'F) 

ISCOSITY INDEX 

OUR POINT 

LASH POINT 

IRE POINT 

APOR PRESSURE/TEMPERATURE (1) 
133.3 N/m2 (1.0 torr) 
13.3 N/m2 (0.10 torr) 
1.33 N/m2 (0.010 torr) 
0.133 N/m2 (0.001 torr) 

30.3 30.8 30.9 29.6 

Mineral 011 
0.5 
1.0 

Mineral Oil 
0 .5  
1.0 

Mineral Oil 
0.5 
1.0 

Mineral Oil 
0.5 
1.0 

27.4 
4.64 

77.6 
9.44 

164 
15.3 

25 7 
22.4 

101 106 101 110 

-9°C (15'F) 

274°C (525OF) 

324'C (615'F) 

-9°C (15'F) 

288°C (500'F) 

332'C (630°F) 

-26°C (-15°F) -12°C (10'F) 

232°C (450°F) 

277°C (530°F) 

188'C (370°F) 

202°C (395°F) 

217OC (422OF) 
181°C (358°F) 
155°C (311°F) 
136OC (277°F) 

263°C (505°F) 
226°C (439OF) 
198°C (388'F) 
178°C (352OF) 

298OC (568°F) 
260°C (500°F) 
232°C (450'F) 
212°C (414°F) 

323OC (613OF) 
283°C (541°F) 
253OC (487'F) 
233'C (451°F) 

IOTES: 1. These vapor pressure-temperature relations are based on the ASTM distillation 50% boiling 
point. The Meyers vapor pressure-temperature correlation was used to convert to other 
pressures. 

2 In addition to these super refined tluids, these instrument lubricants are available in a 
grease. 
suffix (i.e., SRG-60 Grease, or KG-80 Grease). 

These greases are designated by the lubricant name and the term "grsase" as a 
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PERFLUORINATED LUBRICAWTS OR HYDRAULIC FLUIDS : 

NONFWLMPULBIX AND C-ICALLY INERT (Bray Oil Company) 

PROPERTIES 
BRAYCO BRAYCO BRAYCO BRAYCO 
810 811 ' 812 813 

DENSITY, 16°C (60°F) 

COLOR, Saybolt 

POUR POINT 

FLASH/FIRE, Point 

1.913 1.888 1.910 1.924 

+30 +30 +30 +30 

-26OC (-15OF) -48°C (-55OF) -29% (-20'F) -18% (O'F) 

< Nonflammable > 
VISCOSITY, 10-6 m'/sec (~s.1 at 

204°C (400°F) (extrapolated) 2.98 
99OC (210'F) 16.1 
38OC (100'F) 153 
-18°C (OOF) 16,800 
-40°C (-40°F) 

VISCOSITY INDEX 

THERMAL COEFFICIENT OF EXPANSION 
25°C to 121°C 
(77'F to 250°F) 

ACID NUMBER, kg. KOH/kg 
(mg. KOH/g) 

:ORROSION AND OXIDATION STABILITY, 
204°C (40O0F) 172 hr., Weight 
Change (mg/cm2) 
Copper 
Aluminum Alloy 
Magnesium Alloy 

I Steel 
'Silver 

, Corrosion 
Appearance Pitting, Etching, 

Viscosity Change at 38'C 

Acid Number Increase 
(10O0F), % 

DISTILLATION RANGE, "C/at 0.4 x 
10-3 m. 
("F/at 0.4 nun.) 

EVAPORATION LOSS, 149°C (3OOOF) / 
22 hr., % 
204°C (400°F)/6-1/2 hr., % 

REFRACTIVE INDEX, 4' 
SURFACE TENSION, Dyne/cm at 20°C 

THERMAL CONDUCTIVITY, Watt/m "C 
at 38'C 
(Btu/hr (ft2) (OF/ft) at 100°F)) 

SPECIFIC HEAT, Joule/kg/OC 
(Btu/ lb/ "F) 

DIELECTRIC STRENGTH (kv.) 

DIELECTRIC CONSTANT AT 50 Hz 
1,000 H z  

- 
119 

0.00099 
0.00055 

0.0 

0.00 
#.03 
#.03 
+0.03 
+0.03 

None 

+2.62 
0.0 

- 
\ 

6 
11.40 

1.300 

20 

- 
- 

557.9 
(0.24) 

35+ 

2.15 
2.17 

0.96 
3.29 
18.7 
625 

9,400 

11 

0.00099 
0.00055 

0.0 

44.01 
w.05 
+0.05 
#.06 
#.06 

None 

+2.25 
0.0 

80 to 210 
(176 to 410) 

52 
81.0 

1.296 

19 

557.9 
(0.24) 

35+ 

2.15 
2.17 

2.20 
10.9 
96.3 

8,800 - 
106 

0.00097 
0.00054 

0.0 

#.02 
44.02 
-0.02 
0 .oo 
-0.02 

None 

+0.06 
0.0 

190 to 290 
(374-554) 

2 
7.12 

1.300 

20 

0.0709 
(0.041) 

557.9 
(0.24) 

35+ 

2.15 
2.17 

- .  

5.00 ' 

35.5 .a . 
424 

75,000 

133 

0.00101 
0.00056 

0.0 

t0.04 
w.01 
0.02 
w.02 
0.00 

None 

M.24 
0.0 

> 270 
( z  518) 

Ni 1 
0.12 

1.304 

21 

- 
557.9 

(0.24) 

35+ 

2.15 
2.17 
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PERFLUORINATED LUBRICANTS OR HYDRAULIC FLUIDS : 

NONFLAMMABLE AND CHEMICALLY INERT (Bray O i l  Company) 

BRAYCO BRAYCO BRAYCO BRAYCO 
PROPERTIES 810 811 812 813 

JOLUME RESISTIVITY (ohm-cm.), a t  
25°C (77'F) > 1015 1015 0 1015 ' 1015 

(77"F), % < c 10-4 < 10-4 10-4 
)ISSIPATTON FACTOR a t  25OC 

PARTICLE CONTAMINATION, Number 
of ~ a r t i c l e s / 1 0 - 4  m3 
(par t ic les /100  ml) Pa r t i c l e  
Size Range, m. (microns) 

5-15 750 
15-25 200 
25-50 35 

50-100 18 
loo+ 2 

750 750 7 50 
200 200 200 
35 35 35 
18 18 18 

2 2 2 

NOTES: 1. Description: BRAYCO 810-13 o i l s  a r e  l i nea r  perfluoroalkyl polycthers. BRAYCO 810 i s  t h e  
They 
rhey 

t o t a l  polymer and 811-13 are d i s t i l l a t e  f r ac t ions  of increas ing  molecular weight. 
a r c  co lo r l e s s  and odorless,  a r e  nonflammablc, and a r e  generally chemically i n e r t .  
are thermally s t a b l e ,  c i t h e r  alonc o r  i n  the prcscnce of oxygen, have low v o l a t i l i t y  and 
have no tendency t o  form deposits.  
p ropcr t ies ,  cxcc l lcn t  shear s t a b i l i t y ,  and a very low order of acute t o x i c i t y  char- 
ac t e r i ze  these unusual f lu ids .  

Excellent l ub r i ca t ing  proper t ies ,  good d i e l e c t r i c  

2.  Compatibility: BRAYCO 810-13 o i l s  a r e  inso luble  or a t  most sparingly so luble  i n  most 
organic solvents and mater ia l s  o ther  than f luor ina ted  solvents.  
normal operating temperatures with conventional metals,  p l a s t i c s  and elastomcrs. 

They a r e  c m p a t i h l e  a t  

3. Limitations : ERAYCO 810-3 o i l s  a r e  adversely a f f r c t ed  by Friedel-Crafts c a t a l y s t s  such 
as Al.C13 a t  c l rva ted  temperatures. 
c e r t a i n  conditions may r eac t .  Such systems should he thoroughly evaluatcd. The f l u i d s  
should bc evaluatcd f o r  co r ros iv i ty  with mater ia l s  of construction when design tcmpcra- 
tu res  a re  above 2'34°C (400°F). 

Kulxhing surfaces of a l m i n u m  o r  magnesim under 

4. w: BMYCO 810-813 o i l s  a r c  dcsiuncd Tor use ns a lubr icant  o r  hydraulic f lu ids  where 
thcy may h e  exposrd to  fue ls  and oxidizers o r  t o  systems upcrating up t o  tcmpcratures oE 
316°C (6OO"Fj. They havr hccu used 8 s  dmprng f l u i d s ,  f l o t a t ion  i l u i d s ,  lubr icants  f o r  
e l e c t r i c a l  contac ts ,  lubr icants  i n  corrosive s r rv i ce ,  hea t  tlansEcr mcc'id, and d i -  
e l e c t r i c  f lu ids .  Their wide range of v i s c o s i t i c s  cnable th t - i r  use for  most appl ica t ions  
e i t h e r  as provided o r  by hlendinz. 

5 .  Speci f ica t ions :  BilhYCO 810-3 o i l s  are proprietary products manufactured by Montecstini 
Crlison 5 .p .A .  under thc trademark E'omblin I 'lucrinatcd Fluids. 

BIII-66 



SYNTHETIC HIGH TEMPERATURE OILS (Lcw VOLATILITY, ESTER BASE LUBRICATING OIL) 

A N D E R O I ~  STAUFFERY B R A Y C d  B R A Y C d  
PROPERTIES L-826 3664 NPT 5 830 

FLASH POINT 

F I R E  POINT . 

411TO. IGNITION TJMPERATURE 

porn POINT 

USABLE TEMPERATURE RANGE 

EVAPORATION, 6-1/2 hr. a t  204'6 
(400°F), % W t .  Loss 

VISCOSITY, 10-6 m2/sec (cs.) 
a t  204°C (400°F) 
a t  99°C (210°F) 
a t  38°C (100OF) 
a t  -18OC (OOF) 

26OOC (500'F) 260°C (500'F) 

285% (545OF) 299OC (570'F) 

443°C (830OF) 427OC (800°F) 

-62OC (-80'F) -37°C (-35'F) 

-40°C t o  260'C - 
(-40°F t o  50O0F) - 

VISCOSITY INDEX 

SPECIFIC GRAVITY 

NEUTRALIZATION NUMBER, lom3 kg. KOH/kg 
(mg/KOH/g) 

3.9 4.0 

1.7 
6.7 4.7 

37.9 22.9 
1,400 - 

(13,000 a t  - 
-33 OF) 

OXIDATION CORROSION, 72 hr .  a t  175°C 
(347OF), W t .  Loss 

10-10 kg/m2 (mg/cm2) S t e e l  
S i lve r  
Aluminum 
Magnesium 
Copper 

Viscosity Change a t  100"F, % 
Neutra l iza t ion  Number Change, 

kg. KOH/kg (mg/KOH/g) 
Evaporation Loss, % 

CaMPATIBILITY WITH OTHER TURBINE FLUIDS 

FOAKING PROPERTIES ( a f t e r  5.0 m i n .  
10-6 m3 (ml.), aera t ion)  

TOXICITY 

SYNTHETIC ELAST(MER SWELLING (1 week a t  
70°C (158'F) 

"H" Stock, O Change (vol.) 
Viton A, % Change (vol.) 

RYDER GEAR TEST, Lb-in 

136 140 

0.90 0.948 

0.2 0.02 

0.02 None 
0.03 None 
0.05 . None 
0.05 None 
0.12 None - +7 

- +0.19 
- -1.0 

Passes Passes 

Passes Passes 

- Sl igh t  

- +10 
- +5 

3,000 2,500 

221°C (430OF) 26OoC (500'F) 

- 302OC (575°F) 

396'C (745'F) 427% (80OaF) 

- 6 2 F  (-80'F) -51OC (-60°F) 

-4O'C t o  26OOC -34'C t o  260°C 
(-30OF t o  500'F (-40'F t o  500°F) 

5.05 

- 
5.15 

26.17 

(57,200 a t  
- 

-65°F) 

136 

0.969 

0.04 

-0.016 
-0.008 
-0.032 
-0.016 
-0.072 
+3.84 

0.31 - 
Passes 

- 
- 

- 
- 

2,800 

2.2 

1.32 
4.94 

24.3 
558 

(5489 at -40°F 

143 

0.947 

- 

M.01 
-0.03 
+0.01 

0.00 
-0.11 
+2.1 

0.05 - 
Passes 

None 

- 

- - 
- 
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SYNTHETIC HIGH TEMPERATURE OILS (LW VOLATILITY, ESTER BASE LUBRICATING OIL) 

W E R O &  STAUFFER!~ BRAYCOd BRAYC&/ 
PROPERTIES L-826 3664 NPT 5 830 

HELL Four-Ball Wear T e s t ,  9.81 N (1 kg.) 

c a r  Dia., 
Load, 1 hr .  a t  70°C (158'F) - 
Load, 1 hr .  a t  70°C (158OF) - 
9.81 N (1 kg.) Load, 2 hr. a t  75OC 

(167OF), 600 rpm - 
37.2 N (4  kg.) Load, 2 hr.  a t  75°C 

(167OF), 600 rpm - 
98.1 N (10 kg.) Load, 2 h r .  a t  75'C 

(167OF), 600 rpm 
491 N (50 lcg.) Load, 2 hr .  a t  75°C 

(167OF), 600 rpm. - 

m., 372.4 N (40 kg.) 
0.23 

0.58 

- 

- 

- 
- 

0.324 

0.518 

0.686 

0.805 

r 

: A medium-heavy d i e s t e r  o i l ,  with exce l len t  thermal s t a b i l i t y  and load- 
carrying a b i l i t y  over the temperature range of -40°C t o  260°C (-40°F t o  500"F), Compatible 
with o ther  tu rb ine  f l u i d s ,  recommended f o r  high temperaturc instruments, machinc too l s ,  gas 
turbines, .  hydraulic systems, e tc .  

S tauf fer  Chemical Company: A synthe t ic  polyester base s tock  prepared f o r  use i n  high temperature 
gas turb ine  engines. It has good hea t  t r ans fe r ,  exce l l en t  antiwear and E.P. l u b r i c i t y ,  non- 
corrosive,  i s  shear s t ab le ,  and has a wide temperature range. Toxicity i s  low with good hygienic 
prac t ices .  

Bray O i l  Company: A l i g h t ,  intermediate v i scos i ty ,  e s t e r  base lub r i ca t ing  o i l  of low v o l a t i l i t y .  
It i s  shear s t ab le ,  oxidation r e s i s t a n t ,  has high load-carrying a b i l i t y ,  and a wide tmpera tu re  
range, -40°C t o  26OOC (-40'F t o  500°F). Rrcurrancnded f o r  f i n e  clearance uses,  gear boxrs,  hv- 
drau l i c  systems, e t c .  It may advcrsely a f f e c t  pa in ts  and elastomers. 
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LGW TEMPERATURE SYNTHETIC FLUIDS 

CHLOROFLUOROCARBON LUBRICANTS (Halocarbon Products Corporation) 

PROPERTIES 4- 11E* ll-14E ll-21E 13-21E 10-25E 14-253 

ENSITY, L O 3  kglm3 (glcc) 
a t  38°C (100°F) 1.85 1.88 
a t  71°C (160OF) 1.80 1.83 
a t  99°C (210OF) 1.75 1.79 

OUR POINT, 
O C  -79 -54 
(OF) (-110) (-65 1 

O C  < -79 .= -79 
LOUD POINT, 

(OF) (< -110) (< -110) 

lM0SPHERI.C BOILING POINT, 
O C  
(OF) 

ISCOSITY, 10-6 m'/sec (cs.) 
-54°C (-65°F) 
38°C (llO°F) 
71°C (160OF) 
99OC (210'F) 

EAR TEST, SHELL FOUR-BALL 
600 rpm, 2 hr. a t  75'C 
(167OF) (steel-on-steel)  , 
Average Wear Spot Dia., m.: 
Load, 1.0 kg. 
10 kg. 

EAN HERTZ LOAD, kg. 

OMPATIBILITY DATA: 

Temp. 
OC (OF) Oxidizer - 
21 (70) H2 02 
71 (160 ) H202 

84 (-300) LOX 

(430 ) 

8,000 
4.5 
2.0 
1.3 

0.224 
0.707 

102.0 

Time 
Hours 

24 

24 

24 

- 
(460 1 

- 
6.5 
2.5 
1.5 

0.196 
0.630 

102. r, 

1.90 
1.85 
1.81 

- 18 
(0 )  

-46 
(- 50) 

260 
(560) 

- 
34 
8.0 
3.8 

0.210 
0.693 

100.8 

1.92 
1.87 
1.83 

-12 
(10) 

- 15 
( 5) 

260 
(500 ) 

- 
56 
12 
4.9 

0.189 
0.658 

101.3 

1.95 
1.90 
1.85 

2 
(35) 

19 
(66) 

260 
(500) 

- 
3 20 

37 
12 

0.175 
0.693 

107.4 

1.90 
1.94 
1.88 

18 
(65) 

25 
(77) 

260 
(500 

- 
1,100 

77 
20 

0.182 
0.623 

103.7 

Ratio,  Oxidizer t o  O i l  Color 
8:1 4:1 2:1 1:4 1:99 I n i t i a l  Final Pressure 

No reac t ion  a t  any r a t i o  Clear Clear Ambient 

No reac t ion  a t  any r a t i o  Clear Clear Ambient 

No r eac t ion  a t  (1:l) r a t i o  Clear Clear Ambient 
(only r a t i o  t e s t ed  f o r  LOX) 

SHOCK SENSITIVITY DATA%-/ 

Oxidizer - 8 : l  - 4 : l  - 2 : l  - 1:l - O C  (OF) - O C  (3) 

H2°2 

H202 None None None 21 (70 1 21 (70 

Ratio, Gxidizcr t o  O i l  Treatment Temperature Tes t  Temperature! 

- 21 (70 None None None 71  (160 ) 

- 
LOX None - 184 (-300) -184 (-300 

* The s u f f i x  E des igna tes  an oxygen-compatible rus t - inh ib i ted  o i l .  However, the  r u s t  i nh ib i to r  
system whi le  i t  passes the  AS'IM turb ine  o i l  spec i f i ca t ion  D-665 is not  as e f f e c t i v e  as 
petroleum lub r i can t  i n h i b i t o r  systems. These o i l s  are a l s o  ava i l ab le  without the  inh ib i to r  
i n  which case  the  s u f f i x  E is dropped. 

- a/ 
b/ 

Tes ts  run on a Picatinny Arsenal type impact tester. 
Mixture of halocarbon o i l  and 90% H202 held a t  cons tan t  temperature f o r  24 hr .  p r i o r  t o  test. - 
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LOW TENPERATURE SYNTHETIC FLUIDS 

CHLOROFLUOROCARBON LUBRICANTS (Halocarbon Products Corporation) 

PROPERTIES 4 - l l E +  11-14E 11-21E 13-21E 10-25E 14-25E 

NOTES: 1. Maximum sa fe  operating temperature i s  260°C (500°F), short-term temperature up t o  288°C 
(550'F). 

2. These halocarbon o i l s  may be used with most elastomers and so lven t - r e s i s t an t  plastics a t  
room temperatures. For elevated temperatures it i s  recommended t h a t  t e s t s  be conducted 
a t  an t ic ipa ted  temperatures and pressure.  

3.  These o i l s  are noncorrosive toward metals up t o  177% (350°F), except f o r  copper and sane 
o f i t s  alloyswhich d i sco lo r  a t  49°C (120'F). 
thread appl ica t ions  o r  where high shear  stresses arc present as dr tona t ion  may result-. 

These o i l s  should not be used f o r  aluminum 

4. The l u b r i c i t y  proper t ies  of these o i l s  a r e  at 1cz.st erp iva lcn t  t o  petroleum o i l s .  
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HIGH TEMPERATURE SYNTHJZTIC FLUIDS 

PEWLU@R!3ALKYLPOLYETHER FLUIDS (E. I. du PDnt de Nemours &Company) 

KRYTOXB KRYTOS KRYTO* KRYTOYP 
PROPERTIES 143AZ 143AA 143AY 143A8 

DENSITY, kg/m3 ( lb /ga l )  a t  
24°C (75'F) 

POUR POINT 

FLASH ANJJ FIRE POINT 

VISCOSITY, 10-6 m2/sec (cs.) 
a t  -32Y (-25OF) 

38OC (100'F) 
99OC (210'F) 
204°C (400'F) 

-18°C (OOF) 

VISCOSITY INDEX 

ASlM SLOPE 

THERMAL COEFFICIENT OF 
EXPANS ION 

Vol/Vol -OF, Average from 
77 t o  210'F (x lo4) 
Vol/Vol -'C, Average from 
25 to 9 9 0 ~  cX 104) 

APPROXLMATE BOILING RANGE a t  
0.8 nun. Hg, OF 
a t  0.8 nun. Hg, "C 

VOLATILITY, Weight % Loss, 6.5 hr.  
a t  149°C (300OF) 
a t  204°C (400'F) 
a t  2bO"C (500'F) 

THERMAL DECOHPOSITION POINT 
Dif fe ren t  Thermal Analysis 
ISO L11tiii:;copr 

VAPOR PRESSURE, nun. of H g .  
at  149'C (300°F) 
a t  204°C (400'F) 
at  260°C (500'F) 

316°C (GOOOF) 
a t  371OC (700°F) 

FOAMING PROPERTIES (Test Method 
ASlM D-892), .it3 t m l . )  7oani 
M t e r  5-Min. !Alwirtg 

a. Sequcnc, I, 14'T (75°F) 
b. Sequence 11, 93OC (206OP) 
C.  Sequence 111, 24°C (75OF) 

m3 (ml.) Foam After 10- 

a. Sequencc I, 24°C (7S°F) 
b. Sequence 11, 93OC (200'F) 
c .  Sequence 111, 24°C (75OF) 

Min. S e t t l i n g  

1,860 (15.5) 

-57% (-70°F) 

?. ,500 
500 
18 
3.3 
0.8 

23 

0.844 

6.1 

11.0 

289 t o  365 
143 t o  185 

I9 
- >  ., 

471°C (880'P) 
;;L C i670"Tj 

2.2 
23.5 

145.0 
', ? 7 . :I 

'0 
0 
5 

0 
0 
0 

1,884 (15.7) 1,884 (15.7) 

-46°C (-SOOF) -46'C (-SOOF) 

Prnducts are Nonflammable 

9,500 
1,800 

36 
5.4 
1.1 

90 

0.770 

5.8 

10.4 

365 t o  410 
185 t o  210 

2 
26 
93 

4/1"C (880°F) 
354°C (670°F: 

0.4 
4.8 

32.0 
. I  0 

625.0 

, ,- 7 

10 
0 
0 

0 
0 
0 

21,000 
3,500 

55 
7.6 
1.4 

104 

0.720 

- 
- 

410 t o  441 
210 t o  227 

.. 
6 

64 

471°C (880°F) 
354°C (670'F) 

- 
- 
- 

5 
0 
0 

0 
0 
0 

1,896 (15.8) 

-43OC (-45°F) 

46,000 
6,900 

85 
10.3 
1.8 

113 

0.686 

5.6 

10.1 

441 t o  484 
227 t o  251 

- 
5 

27 

471OC (880°F) 
354'C (670'F) 

- 0.3 
1.5 

10.3 
52.5 
295 r I  

NOTES: 1. Chemical iner tness :  KRYTO@ 143 o i l s  have remarkable iner tness ,  and show no r eac t ions  
(continued with the  following materials a t  room temperature: e thy l  alcohol,  3 - 4  turb ine  f u e l ,  
on next hydrazine, unsymmetrical dimethyl hydrazine, an i l i ne ,  90% hydrogen peroxide, inh ib i ted  
w g e )  They a l so  show no reac t ion  with many red fuming n i t r i c  acid and nitrogen te t roxide .  

acids a t  elevated temperatures. 

These o i l s  do not  react wi th  gaseous oxygen under shock loads a t  pressures of 51.7 x 106 N/m: 1 (7,500 p s i )  and temperatures t o  93% (200°F). Passes "LOX" test p e r  MSFC-Spec-106. 
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HIGH TEMPERATURE SYNTHETIC FLUIDS 

PERFLUOROALKYLPOLYETR FLUIDS (E. I. du Pont de Nemours & Company) 

KRYTOP KRYTOX@ KRY T O P  
PROPERTIES 143AX 143AC 143AD 

DENSITY, kg/m3 ( l b / g a l )  a t  24°C (75'F) 

POUR POINT 

FLASH AND FIRE POINT 

VISCOSITY, 10-6 m2/sec (Cs.) a t  - 1 8 O C  (0°F) 
3 8 O C  (lOO°F) 
99OC (210'F) 
204°C (400'F) 
260°C (500'F) 

VISCOSITY INDEX 

ASM SLOPE 

THERMAL COEFFICIENT OF EXPANSION 
Vol/Vol - 'C, Average from 25" t o  99°C (x 104) 
Vol/Vol - "F, Average from 77" to  210°F (x 104) 

APPROXIMATE B O I L I N G  RANGE a t  
0.8 m. Hg., 'C 
a t  0.8 mm. Hg, "F 

VOLATILITY, Weight % Loss, 6.5 h r .  
a t  149°C (300'F) 
a t  204OC (400'F) 
a t  260°C (500°F) 

THER4A.L DECOMPOSITION POINT 
D i f f e r e n t i a l  Thermal Analysis  
I so ten iscope  

VAPOR PRESSURE, nun. of Hg. 
a t  149°C (300'F) 
a t  204OC (400°F) 
a t  26OoC (500°F) 
a t  316°C (600'F) 
a t  371°C (700'F) 

FOAMTNG CWCTERISTICS (Test  Method AS?M D-892) 
10-6 m3 (ml.) Foam A f t r r  5-min. Blowing 

a .  Sequence I, 24°C (75'F) 
b. Sequence 11, 93°C (200°F) 
c .  Sequence 111, 24°C (75°F) 

a. Sequence I, 24°C (75°F) 
b .  Sequence 11, 33°C (200°F) 
C .  Sequence 111, 2G'C (75'F) 

10-6 m3 (ml.) Foam A t t e r  10-min. S e t t l i n g  

1,908 (15.9) 1,908 (15.9) 1,920 (16.0) 

-37OC (-35'F) -34°C (-3OOF) -29°C (-20'F) 

Products  are Nonflammable 

13,800 
150 

16.4 
2.7 

- 

125 

0.625 

251 t o  270 
484 t o  518 

w n  
9n 

310 

2U 
0 

:* 3 

33,000 
270 

26 
3.9 
2.1 

134 

0.589 

10.3 
5.7 

1.0 
!e . 0 

471'C (880'F) 
35(roC (670°F) 

0.3 
2.9 

19.3 
165.0 

400 
265 
360 

0 
0 
0 

- 
495 

43 
6.0 
3.0 

145 

0.549 

9.5 
5.3 

- 
1.4  

471°C (880°F) 
354°C (670°F) 

0 . 1  
1.4 
9.0 

80.0 

400 
375 
350 

100 

200 
2 0  

NOTES: 2.  Lubr ica t ion  and load car ry ing:  KRYTO@ 143 o i l s  comparr idvorably with ' d i e s t e r  base 
s t o c k  conta in ing  no a d d i t i v e s ,  s y n t h e t i c  h ? d i a u l i c  oi l ' .  .mI pctrolvum-base E.P. type 
g e a r  o i l s .  

3 .  Compat ib i l i ty :  KKYTOe o i l s  are i n e r t  to  m4-L n',tals i u  :!&"C: (550"F), a t  h igher  
Leniperdtures oxida t ion-cor ros ion  may develc~p.  ~ , l > , c ~  I kxsc Cluorinated o i l s  may 
detonaLe in t h e  presence  of aluminum o r  magnc.cium YihPn mrrals are s u b j e c t  t o  s h e a r  
such a s  i n  bear ing s u r f a c e ,  and tests a r c  recommer~d~d. 
wi th  most e las tomers  below 93°C (200°F) except n a t u r a l  rubber ,  c is-1,4-polybutadiene,  
and SBR. A t  higher  temperatures  Lhcy CLLII: ;~ t leLerrwnl iun of elastomers .  

KRYTO@ o i l s  are compatible 

4. These o i l s  have a usable  temperature  range from a low of t h c i r  pour poin t  t o  a h igh  of 
260'C (500°F) t o  371°C (700'F). 
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LOW VJ SCOSITY,  SYNTHETIC TNSTRUMENT 01L 
(ROYAL LUBRICANTS COMPANY) 

PROPERTI E S  HOYCO NO. 2 INSTRUMENT OIL 

FLASH POINT 1 9 1 ° C  (375-F) 

F I R E  POINT 210’C (410’P) 

Pour POINT -62’C (-80’F) 

V I S C O S I T Y ,  m2/sec ( C s . )  a t  38OC (100°F) 13.31 
a t  9 9 ° C  (210°F) 2.91 

EVAPORATION, 60 hr .  a t  66OC (150°17) .  Wt. Los.: 0 . 5  

CARBON RESIDUE,  X W t .  0.03 

ADD1 T I  V E S  Oxidation res i s tant  

CORROSION, 72 hr. a t  1 0 0 ° C  (212°F) N o  corrosion, or s ta in ,  on 
copper, cadmium plated s t e e l ,  
magnesium, aluminum or s t e e l .  

NOTE: ROYCO NO. 2 Instrument O i l  i s  intended for use a s  an inslcument lubricant where spreading of the 
o i l  into  a thiii f i l m  i s  t@quired. Extreme l i w  lempeiature ~ ~ o ] r e r ’ t i e s  tor low temperature 
operation of “Etea powered” equipment.. 

--- 
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MILITARY SPECIFICATION: MIL-G-3545 B 

GREASE, AIRCRAFT, HIGH TEMPERATURE 

PROPERTIES 
SPEC. ROYCW AEROSHELW* HIGH TEMP.*** 
WQ. 45A GREASE 5 GREASE 

:OLOR Dark Amber Greenish Tan 

SPECIFIC GRAVITY, 16°C (6OoF) 0.9160 

210°C (410'F) 

Passes 

- - 
177°C (350'9 232°C (45O0F) 

Pass Passes 

26O+OC (500+OF) 

Passes 

DROPPING POINT 

ODOR: (no r anc id i ty  o r  perfume) 

CORROSION ON COPPER 
(24 hr.  a t  100°C (212'F) 
(no e tch ing  o r  p i t t i n g  - 

s t a i n s  removed by benzene) Pass Passes Passes Passes 

PENETRATION: ASM 
UNWORKED a t  -18'C (OOF) 
UNWORKED a t  25OC (77OF) 
WORKED a t  25°C (77OF) 

DIRT CONTENT : 
25 m (micron) D i a .  o r  

Larger; Par t s l lo -6  m3 
(par t s /cc)  

75 10-6 m. (micron) Ma. o r  
Larger; Parts/lO-6 m3 

125 lom6 m. (micron) Dia. o r  
Larger; ~a r t s /10 -6  m3 

B ~ B  OXIDATION STABILITY: 
Pressure Drop i n  100 Hr. 

- - 122 
- 281 268 

250 - 300 280 282 288 

5,000 300 

1,000 50 

None 0 

Passes 

Passes 

Passes 

68,950 N/m2 13,790 N/m2 
(10 psi/max) (2.0 ps i )  
172,370 N/ml  55,160 N/m2 
(25 psijmax) (8.0 ps i )  

41,370 N/m2 
(6.0 p s i )  
68,950 N/m2 
(10.0 p s i )  

27,580 N/m2 
(4.0 ps i )  
89,630 N / d  
(i3.0 p s i )  

Pressure Drop i n  500 Hr .  

VATER RESISTANCE; GREASE LOSS, 
1.0 hr .  a t  66'C (150°F), % Wright 20 (max.) 4.0 1.0 2.5 

HIGH TEMP. PERFORMANCE; 600 hr .  
a t  149°C (300°F) 

O I L  SEPARATION; 30 hr.  a t  100°C 
(212'F), % Weight Loss, Max. 

RUBBER SWELL; % Volume Increases,  
Max. (L-type syn. rubber i n  
grease,  1.0 week) 

Passes Pass Passes Passes 

5.0 0.1 1.4 3.9 

10 .o 8.5 

RUST PREVENTIVE PROPERTIES 
(number of  s m a l l  do ts )  3.0 (max.) Passes Passes Passes 

LOW TEMPERATURE TORQUE: 
10-5 N m. (8. cm.) S t a r t i n g  

Torque a t  -18°C (O'F), Max. 

Running Torque a t  ( O O F ) ,  Max. 

147,000 123,000 
(15,000) (12,500) 
49,000 1,860 
(5,000) (190) 

STORAGE STABILITY: 6.0 Month a t  
38°C (lOO°F) (worked penet ra t ion  
change, po in ts ,  max.) 30 Passes Passes 
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MILITARY SPECIFICATION: MlLG3545 B 

GREASE , AIRCRAFT, HIGH TEMPERAWRE 

I 
I'IIOPERTI ES SPEC. ROY c o* AE ROSHE LL** n m  TEMP.S- 

MEAN HERTZ LOAD - - 363 N (37 kg) 294 N (30 kg.) 
WQ. 45A GREASE 5 GREASE 

USEFUL TEMPERATURE RANGE 

THICKENER TYPE 

- -4O'C t o  191OC -4OOC to 191'C - 
(-40°F - +375'F) (-40°F - +375'F) 

- Non-Soap Microge 1 Sodium soap 

THICKENER; PERCENTAGE - - - 13.5 

O I L  TYPE - Crude Mineral  Mineral 

O I L ,  PERCENTAGE - 80.8 

I'ROPERTIES OF O I L :  
G R A V I l Y ,  API 
SPECIFIC GRAVITY, 16'C (60'F) 
POUR POINT, 
VISCOSITY: a t  38°C (10O0F), 

10-6 mZ/sec (cs.) 
at 99°C (210°F (CS.) 

- 
32.8 

27.6 
0.8894 

-12°C (-I-lO°F) 

291.4 
21.5 

NOTES: For a desc r ip t ion  of this high  speed, high Irmpwaf-ure  p.reasr atid recummended usage, see Spction 
T T .  

I- -- -- 
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MILITARY SPECIFICATION: MIL-G-43438 

GREASE, PNEUMATIC SYSTEM 

SPEC. COSMOLUBE* ROYCok* 55w** 
PROPERTIES REQ . 6 15 43 GREASE 

LOLOR 

163°C (325OFI 

Pass 

Flesh - t an  

193°C (380°F) 

Passes 

- 
175°C (347-F) 

Passes 

2 

Dark be ige  

- 
207OC (405OF) 

Passes 

- 

PECIFIC GRAVITY, 16°C (60°F) 

IROPPING POINT, Min. 

IDOR: (no r anc id i ty  o r  perfume) 

ILGI NUMBER 

:ORROSION ON COPPER: 24 h r .  a t  
100°C (212°F) (no e tch  o r  
p i t t i n g  - s t a i n  removed by 
benzene) Pass Passes Passes None 

'ENETRATION: ASTM, 
Unworked a t  25OC (77'F) 
Worked at  25OC (77°F) 

tPPARENT VISCOSITY: Max., 
10-1 N secIm2 (passes) ; 
( a t  -54°C (-65°F) and 
Shear Rate, 20 sec - l )  

) I L  SEPARATION: 30 h r .  at  100°C 
(21Z°F), % Weight Loss, Max. 

IVAPORATION: 22 h r .  a t  99°C 
(210°F), % Weight Loss, M a x .  

260 - 300 
- 

286 269 
- 

2 75 

5,000 2,508 2,750 3,400 

5 .0  3.51 0 .3  1 .5  

2.5 

34,470 NIm2 
(5.0 p s i )  

0.76 

2,070 N/m2 
( 0 . 3  phi) 

1 . 9  

19,310 N/m2 
(2.8 p s i )  

1.9 

-= 34,470 N/m2 
(< 5 .0  p s i )  

IXIDATION (Bomb) : M a x .  Pressure 
Drop 

:YCLING TEST: Rubber-Metal, 
50,000 Cycles 

LUBBER SWELL: % Volume Increase 
(L-type syn the t i c  rubber i n  

grease  - 1 week) 

KIST PREVENTIVE PROPERTIES 
Number of Small Dots, Max. 

;TORAGE STABILITY: 6 .0  Months a t  
38°C (100°F) 

(change i n  worked penet ra t ion ,  
po in ts ,  max.) 

JSEFUL TEMPERATURE RANGE 

Pass Passes Passes 

19 - 30 27.52 

Passes 

Passes 

24.3 Passes 

3.0 None Passes 

30 Passes Passes 

-54°C t o  163°C 
(-65°F t o  +325'F) 

-54°C t o  93°C 
(-65'F t o  +200°F) 

Low-High 

lREASE COMPOSITION 
Thickener 
F lu id  
Additives 

Smooth But te ry  
Meta l l ic  soap Lithium 

S i l i cone  Synthe t ic  
Antioxidants Antioxidants 

- 
Si l i cone  - 
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MILITARY SPECIFICATION: MIL-G-4343B 

GREASE, PNEUMATIC SYSTEM 

SPEC. COSMOLUBE* R U Y C W  5 5 M m  
PROPERTIES WQ. 615 43 GREASE 

RUBBER COMPATIBILITY: Buna "N" 
MIL-P-5516 Rubber 

LUBRICITY (Falex) 

Passes Passes Passes 
Passes Passes Passes 

.. - 1,690 N 
(380 lb.) 

;b E. F. Houghton & Company 
** Royal Lubricants Company 
** Dow Corning Corporation 

NOTES: For a description and recommended usage of this high-low temperature range grease, compatible 
with rubber and possessing good metal-to-metal lubricating properties, see Section 11. 

I 

In addition to the products listed, the following greases manufactured by the companies shown 
also meet the requirements of this specification. 

Product Name Manufacturer 

BII I -78  



MILITARY SPECIFICATION: MIL-G6032B 

GREASE, PLUG VALVE, GASOLINE AND OIL RESISTANT 
- 

PROPERTIES 
SPEC. ANDEROL* R O Y C W  
REQ. L-237 32B 

:OLOR, ASTM 

tLGI NUMBER 

IIL TYPE (animal, vege tab le  or s y n t h e t i c )  

:ELLING AGENT 

iT0 SOLID FILLERS (graphi te ,  mica, s u l f a ,  c l a y ,  
asbes tos  o r  cha lk)  

SPECIFIC GRAVITY 

)ROPPING POINT, Min. 

JSABLG TEMPERATURE RANGE 

UEUTRALIZATION NUMBER 

PENETRATION : 
Type I ,  25OC (77OF), Unworked, Min. 
Type I, 25OC (77'F), Worked, Max. 
(1/4 s c a l e ) ,  Type 11, 25'C (77'F),JJnworked, 

M a x .  
Type 11, 25'C (77'F), Worked, Min. 

:ORROSION ON COPPER (no p i t t i n g  o r  e tch ing)  

:ORROSION ON STEEL (1 week a t  100°C (212'F)) 

PI IM STABILITY (1 week a t  l0O'C (212OF)) 

STORAGE STABILITY; 120 Days a t  54OC (130"p) 
No S t i c k  Sof ten ing  o r  D e t e r i o r a t i o n  
Type I1 (1/4 s c a l e )  Unworked Penet ra t ion ;  Max. 
No S t i c k  Crumbling o r  D i s t o r t i o n  

EVAPORATION, 22 hr. a t  99OC (210°F), % 

3IL SEPARATION, % 

DIRT COUNT 

RESISTANCE TO FUEL; 8 hr., W t .  So luble ,  % M a x .  
Adhesion t o  Aluminum (no b l i s t e r s  o r  swelling) 

ESISTANCE TO AQUEOUS SOLUTION, Water 
50% Alcohol and Water 

SOLUBILITY, MIL-H-3136, % 
Mixed Alcohols ,  % 
Mixed Keotane, % 
Toluene, % 
Benzene, % 
Carbon T e t r a c h l o r i d e ,  % 

- 
Note 

Note 

Pass 

127°C (260'F) 

- 

100 
3 10 

23 
20 

Pass 

None 

Stab  l e  

Pass 
23 
Req . 

- 

- 

20 
Pass 

None 
None 

- 
- 
- - 
- 
- 

3.0 3.0 

Synthe t ic  S y n t h e t i c  

Lithium 

Passes  Passes  

0.95 - 
182°C (360'F) 177OC (350'F) 

-29'C t o  149°C 
(-20aF to  +300°F) 

0.5 

190 
250 

- 
225 

Passes  Passes  

Passes  None 

Passes Stab l e  

Passes  Passes  

Passes Passes  

- N i l  

None N i l  

None 

N i  1 15.0 
N i l  None 

N i  1 N i  1 
N i l  N i l  

10 
31 
45  
90 

100 
100 
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MILITARY SPEC IF ICATION : MIL-G603 2E 

GREASE, PLUG VALVE, GASOLINE AND 01L '&SISlnNT 
-7 

i 
I SPEC. ANDEROW KOYCok* 

PROPERTIES REQ. L-237 32B 

C ~ ~ ~ A T I B I L I T Y  WITH ROCKET FUELS 
Fuming N i t r i c  Acid 
Liquid Oxygen 
Hydrogen Peroxide 
Fluorine 

No 
N 0 
NJ 

NO 

* Lchigh Chemical Company 
* Koyal Lubricants Company 

WTES : For a descr ip t ion  and recommeiide~i u w p -  1.f chis gasoline w d  o i l  resistant grease see S c c t i ~ r j  i i .  

In addi t ion  t o  the  products l i s t e d ,  the  following grease manufactured by the companies shown alsc 
meet the  requirements of t h i s  spec i f ica t ion .  

Product Name Manufacturer 

Braycote 632 Bray O i l  Company 
Rockwell 950 Rockwe11 ManufaCturing Company 
E-74 Turn Lubricant United O i l  Manufacturing Company 
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MILITARY SPECIFICATION: MIL-67187 

GREASE, GRApKlTE, AIRCRAFT LUBRICATING 

AIRCRAFT** 
SPEC. RoYCO* STARTER 

PROPERTIES REQ. 87R GREASE 

COLOR 

SPECIFIC GRAVITY; 16°C (60°F) 

COMPOSITION: Mineral  O i l ,  % 
G e l l i n g  Agent 
Graphi te ,  % 
Water 

ODOR (no r a n c i d i t y  o r  perfume) 

DROPPING POINT, Min. 

PENETRATION, ASTM; Unworked, -18°C (OOF) 
Unworked, 25°C (77OF) 
Worked, 25'C (77°F) 

CORROSION ON COPPER; 24 h r .  a t  100°C (212OF) 

BOW OXIDATION: 100 h r .  a t  99°C (210"F), 
P r e s s u r e  Drop, P s i ,  

WATER RESISTANCE; 1.0 h r .  a t  38°C (100"F), 
W t .  Loss ,  % (max.) 

EVAPORATION: 22 h r .  a t  99°C (210°F); 
W t .  Loss ,  % (max.) 

OIL SEPARATION: 30 h r .  a t  25°C (77"F), 
W t .  Loss ,  % (max.) 

LOW TEMPERATURE TORQUE: A t  -40°C (-40°F) 
( b a l l  b e a r i n g )  

Black Black 

0.9053 

74.2 
Soap 

5.2 
Trace  

4 . 5  - 5.5  

- 
Soap 

5.0 - 
P a s s  Passes  

149°C - 177'C 
(300OF - 350°F) 

300 

Passes  

156OC (312'F) 

203 
258 
275 

149°C (300°F) 

- 
- 

265 - 340 

None None Passes  

5 .0  (Max.) < 5.0 Passes  

50.0 Passes  Passes  

2.0 < 2.0 P a s s e s  

5 .O < 5.0 Passes  

10.0 (Max.) 

10.0 (Max.) 

Clockwise; 0.1962 N m. (2,000 g .  cm.) Torque; 

Counter-Clockwise; 0.1962 N m. (2,000 g .  cm.) 
Time/Rev. ; (sec.)  

Torque;  Time; Rev., Sec. 

WORKED STABILITY; Worked P e n e t r a t i o n  A f t e r  
105 Cycles  

AERATION TEST: 60 min. a t  1,000 rpm; % 
Vol. I n c r e a s e  

STORAGE STABILITY: 6 Months a t  38'C (lOO°F), 
P e n e t r a t i o n  Change 

SPEED RANGE 

USABLE TEMPERATURE RANGE 

USABLE I N  BALL OR ROLLER BEARINGS 

USABLE ON PLAIN BEARING AND SLIDING SURFACES 

USABLE ON ELECTRICAL EQUIPMENT 

RUST INHIBITED ( a d d i t i v e s )  

* Royal Lubr icants  Company 
** Texaco, Incorpora ted  

Passes  

Passes  

5.0 

5 . 0  

375 (Max.) < 375 313 

15 (Max.) Passes  Passes  

-I- 20 (Max.) 

- 

LOW 

Ned ium 

No 

Yes 

No 

Yes 

LOW 

Medium 

No 

Yes 

No 

No 

NOTES: For a d e s c r i p t i o n  and recommended usage of  t h i s  l o n g - l i f e  g r a p h i t e  g r e a s e ,  s e e  Sec t ion  11. 
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MILITARY SPECIFICATION : MIL-G-10924B 

GREASE, AUTOMOTIVE AND ARTILLERY 

PROPERTIES 
SPEC. 
RE9 . 

ROYCO* 
24R 

:OLOR 

(LGI NO.  

:OMPOSITION: O i l  Type 
Thickener  Type 
Thickener  Content ,  % W t .  Min. 
Ant ioxidant  A d d i t i v e  

PENETRATION: Unworked, a t  25°C (77OF) 
Worked, a t  25OC (77OF) 

4PPARENT VISCOSITY: 10-1 N sec/m2 ( p o i s e s ) ,  
a t  -54°C (-65°F) and Shear Rate ,  25 sec-l 
a t  -54'C (-65°F) and Shear Rate ,  100  sec-l 

EVAPORATION: 22 h r .  a t  99°C (210°F), % W t .  Loss ,  Max. 

SEPARATION: 30 h r .  a t  100°C (21Z°F), % W t .  Loss ,  Max. 

DXIDATION STABILITY: 400 h r .  a t  99°C (210°F), P r e s s u r e  
Loss/lOO h r .  (max.) 

ZOPPER STRIP CORROSION: 20 h r .  a t  99OC (210'F) 

RUST PREVENTION: R o l l e r  Bearing:  2 weeks a t  25OC 
(77"F), 100" RH 

STORAGE STABILITY: 6Months a t  3 8 O C  (IOO'F), P e n e t r a t i o n ,  Min. 

WORK STABILITY: 100  h r . ,  66°C (150°F), 1 0  rpm. Allowable Change 
i n  Worked P e n e t r a t i o n  

rJATER STABILITY: Worked i n  Water l o 5  Cycles  a t  2592 (77-F) 
Allowable Change i n  Worked P e n e t r a t i o n  

10.0 

265 - 295 
265 - 295 

11,500 - 17,500 
8,500 (Max.) 

10 .0  

6.0 

34,470 N/m2 
(5 .0  p s i )  

None 

None 

2 5 5  

-25 t o  +45 

-10 t o  +45 

Mineral  
Li thium soap 

Yes 

265 - 295 

C 8,500 

< 10.0 

Passes  

Passes  

Passes  

Passes  

S t a b l e  

Passes  

Passes  

t Royal L u b r i c a n t s  Company 

VOTES: For a d e s c r i p t i o n  of t h i s  g e n e r a l  purpose g r e a s e  s e e  Sec t ion  11. 

In a d d i t i o n  t o  t h e  product  l i s t e d ,  s e v e r a l  o t h e r  g e n e r a l  purpose g r e a s e s  a l s o  meet t h e  
requi rements  of t h i s  s p e c i f i c a t i o n .  Some oi t h e s e  a r e :  

Product  N a m e  D i s t r i b u t o r  

Batco 1000 and 2000 (1) B a t t e n f e l d  Grease & O i l  Company of New York 
Cycleweld L-874 (1 )  Chemical Div is ion  o f  C h r y s l e r  Corpora t ion  
Dura Lube M-12B (1) Frankl in  O i l  Corpora t ion  
Cosmolube 506 (1) E. F. Houghton & Company 
S h e l l  B & B Grease (2) S h e l l  O i l  Company 
Code ILC 22122 I n t e r n a t i o n a l  L u b r i c a n t  Corpora t ion  

( 1 )  Rebranded; manufactured by Southwest Grease & O i l ,  I n c .  
(2)  Rebranded; manufactured by I n t e r n a t i o n a l  Lubr icant  Corp. 
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MILITARY SPECIFICATION: MIL-L- 15719 

LUBRICATING GREASE (HIGH-TMPERATURE ELECTRIC MOTOR, BALL AND ROLUR BEARINGS) 

PROPERTIES 
VERSILUBE** SPEC. DOW CORNING* 

REQ. 44 GREASE 6-350 

COLOR 

SPECIFIC GRAVITY, 16°C (60'F) 

ODOR (no r a n c i d i t y  o r  perfume) 

COMPOSITION, Polymethylphenyl Si licorie 
Flu-id 
Lithium Soap 
Addi t ives  

PENETRATION, Worked, a t  25°C (77OF) 

DROPPING POINT, Min. 

DIRT (number of p a r t i c  les l10-6  m3) 
25 x 

75 x 

125 x 

m3 (microns) Dia. o r  Above, 

m 3  (microns) D i a .  o r  Above, 
Max 

Max. 

Max. 
m3 (microns) D i a .  o r  Above, 

COPPER CORROSION (bomb), 20 h r .  a t  99'12 
(210°F) (no e t c h  o r  p i t )  

EVAPORATION, 50 h r .  a t  149OC (300°F), % 
Weight Loss, Max. 

WATER RESISTANCE (8 b a l l  b e a r i n g ) ;  1.0 
h r .  a t  49°C (120°F), % Weight Loss, Max. 

BLEEDING, 100 h r .  a t  149°C (300"F), 'Z Weight 
Loss, Max. 

OXIDATION STABILITY, 50 hr. a t  149°C (300°F), 
P r e s s u r e  Drop, Max. 

WORK STABILITY, 105 Cycles ,  P e n e t r a t i o n ,  

APPARENT VISCOSITY, 10-1 N s e c / d  (poisps) ,  
Max. ( a t  -18'C (O'F) and Shear  Rates ,  
20 sec-1)  

Max. 

LOW TEMP. TORQUE, 2 h r .  at  -18'C (OOF), 

Torque = 0.1962 N m.(2,000 g. cm.) 
Time f o r  One Rev.; Sec. 

MOTOR TEST PERFONCE (bear ing)  ; Useful  
L i f e ,  Hours, Minutes 

USABLE TENPERATLTRE RANGE 

LUBRICITY ( f a l e x )  

MAXMUM SPEED FACTOR, DN Value 

- 
- 
Pass 

Req. 
Req. - 

260 t o  330 

191°C (375-F) 

7,500 

1,600 

None 

Pass  

2 .o 

20.0 

12.0 

34,470 N/m2 
(5.0 p s i )  

375.0 

15.0 Max. 

2,000 

- 

:*? Dow Corning Corpora t ion  
+:c General  E l e c t r i c ,  S i l i c o n e  Products  Department 

L i g h t  brown 

- 
Passes  

Passes  
Passes  - 

290 t o  330 

Passes  

Passes  

Passes  

Passes  

Passes  

< 2.0 

Passes  

5 .O 

Light  brown 

1.05 

Passes  

Passes  
Passes  

260 t o  330 

224OC (435'F) 

- 

< 2.0 

5.0 

Passes  - 
-40°C t o  204°C -4OOC t o  2J4'C 
(-40°F t o  400'F) (-40°P t o  400'F) 

1,068 N 
(240 lb.) 

- 

200,000 - 

NOTES: For  a d e s c r i p t i o n  and recmended usage of t h i s  low o r  h i g h  tempera ture  s i l i c o n e  b a s e  g r e a s e ,  
See S e c t i o n  T I .  
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MILITARY SPECIFICATION: MIL-G-ld109A (NAVY) 

GREASE, BALL AND ROLLER BEARING 

SPEC. REGAL* AMDOK B NEBULA** 
REQ . AFB2 ** EP- 1 PROPERTIES 

:OLOR 

ILGI NUMBER 

Brown 

Pass  

Brown 

2.0 

Brown 

Passes  

Tan 

1 

IDOR: 

:OMPOSITION : 

( s l i g h t  minera l  o i l  o r  soap) 

O i l  Typa 
Gel l ing  Agent 
Addit ives  

'ENETRATION : 
Unworked at 25OC (77'F) 
Worked a t  25°C (77OF) 
Worked lo5 Cycles a t  25°C (77'F) 

IROPPING POINT, Min. 

LPPARENT VISCOSITY: 10-1 N secIm2 
(poises) ,  Max. ( a t  O°C (32'F) 
and shear  rate, 200 sec-1)  

lSABLE SPEED RANGE 

'ERFORMANCE: Ball Bearing a t  121°C 
(250"F), Min. L i f e ,  H r .  

.OAD CAPACITY: ( h e r t z )  

LUBBER SWELL: % Gain 

,014 TEMPERATURE TORQUE: A t  -40°C 
(-40'F) - S t a r t i n g  Torque, 

Running Torque 

Passes  Passes  

Pi inrral  
Lithium soap 

A n t i r u s t  

Hinera l  
Sodium soap 

Mineral  
Calcium soap 

285 
285 
320 

- 
285 325 

325 ?r 5% 

149°C (300°F) 203°C (398"F) 246°C (475'F) c 26OoC (c 500' 

750 

< 10,000 rpm High speed High & low 

2,000 > 2,000 

67 N (15 l b . )  

16.6 

> 2,000 

240 N (54 l b . )  

Passes  

0.7293 N m. 

(7,434 g .  cm.) 
0.0521 N-m 

(531 g. cm.) 

LOW 

Low 

Low 

Low 

: Texaco 
:4 Humble O i l  & Refining Company 

IOTES: For a d e s c r i p t i o n  and recommended usage of t h i s  genera l  purpose b a l l  and r o l l e r  bear ing  grease ,  
see Sec t ion  11. 

I n  a d d i t i o n  t o  the  products  listed, s e v e r a l  o t n e r  greases  m e e t  t h e  requirements  of t h i s  spec i -  
f i c a t i o n .  Some of t h e s e  are: 

Product Name Manufacturer 

Supermil Grease No. 90781 
A t l a n t i c  Lubricant  52 
B 6r RB Grease No. 2 & No. 
H V I  Microgrl  Grease No. 2 
Alvania  Grease 2 
S h e l l  Darina Grease 2 
S h e l l  Cyprina Grease 3 
XTR 20 
Mobilplex 
Chevron OHT Grease 
Calolmil  Grease 121 
Southwest No. 3212 

American O i l  Company 
A t l a n t i c  Refining Company 

3 I n t e r n a t i o n a l  Lubricant  Corporat ion 
I n t e r n a t i o n a l  Lubricant  Corporat ion 
S h e l l  O i l  Company 
S h e l l  O i l  Company 
S h e l l  O i l  Company 
Socony Mobil O i l  Company, Inc.  
Socony Mobil O i l  Company, Inc. 
Standard O i l  Company of  C a l i f o r n i a  
Standard O i l  Company of C a l i f o r n i a  
Southwest Grease & O i l  Company, Inc .  
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MILITARY SPECIFICATION: MIL-G-21164C 

GREASE, MOLYBDENUM DISULFIDE '(FOR 1.06; AND HIGH TEMPERATURES) 

AEROSHELL" 
SPEC. GREASE R0YCO-x" PED-"+;< 

PROPERTIES REQ . 17 64  3350 

N L G I  NUMBER 2.0 

COLOR 

COMPOS ITION : 
Liquid  Lubr icant  

Thickener  ( g e l l i n g  agent )  
Molybdenum D i s u l f i d e ,  % 
Addi t ives :  Rust I n h i b i t o r  

Oxida t ion  I n h i b i t o r  
Extreme P r e s s u r e  

Dark grey  

Diester 
S y n t h e t i c  
Microgel  

4.5 - 5.5 Passes  

Grey-black 

Napthenic  
S y n t h e t i c  P a r a f f i n i c  

Li th ium Polyurea  
Passes  P a s s e s  

Yes Yes 
Y e s  Yes 
Y e s  Yes 

I I DROPPING POINT, Min. 163°C (325°F) > 260'C (1 500'F) 185°C (365'F) 228°C (442OF) 

USEFUL TEMPERATURE RANGE, O F  -62OC - 149°C Wide 
(-80'F - 300°F) 

PENETRATION: Unworked a t  25'C (77'F) 200 Min. 273 - 
Worked a t  25°C (77OF) 260 - 310 281 285 295 

APPARENT VISCOSITY: 10-1 N sec/m2 
( p o i s e s )  

a t  -54°C (-65°F) and Shear  Rate, 

at  -54°C (-65°F) and Shear  R a t e ,  
20 sec-1 

50  sec-l 

5,000 6,700 

3,000 4,250 

CORROSION ON COPPER: 24 h r .  a t  10G'C 
(212°F) (no e t c h  o r  p i t )  Pass  Passes  None Passes  

EVAPORATION: 22 h r .  a t  99°C (210°F), 
% Weight Loss ,  M a x .  2 . 0  0 . 8  2.0 

BOMB OXIDATION: 100 h r .  a t  99°C 68,950 Nfm2 27,580 N/& 
(210"F), P r e s s u r e  Drop, Max. (10 p s i )  (4 .0  p s i )  - 
500 h r .  at 99°C (210°F), 103,420 N/m2 82,740 Nfm2 44,820 N/m2 

P r e s s u r e  Drop, Max. (15 p s i )  (12.0 p s i )  (6 .5  p s i )  

OIL SEPARATION: 30 h r .  a t  100°C 
(212"F), % Weight Loss ,  Max. 5 . 0  < 4 . 6  3 . 0  

BEARING RUST PROTECTION: 1 4  Days 
(3 d o t s  max.) Pass  Passes  None Passes  1 

WATER RESISTANCE: 1 .0  h r .  a t  38'C 
(lOO°F), % Weight Loss ,  Max. 20.0 

WORK STABILITY: 105 Cycles ,  
P e n e t r a t i o n ,  Max. 375 

1 . 4  

340 I 308 

LOW TEMPERATURE TORQUE: -73'C (-100°F) 
at  S t a r t i n g  Torque, Max. 0.981 N m. Passes  Passes  

(10,000 g .  cm.) 

(1,000 g. cm.) 
a t  Running Torque, M a x .  0.0981 N m. - P a s s e s  Passes  
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MILITARY SPECIFICATION: MIL-021164 C 

GREASE, MOLYBDENUM DISULFIDE (FOR LOW AND HIGH TEMPERATURES) 

AEROSHELL* 
SPEC. GREASE R O Y C W  PED-*** 

PROPERTIES WQ. 17 64 3350 

LIGH TEMPERATURE TEST: 
Bearing L i f e  at  121°C (250'F) 

hr . ,  Min. 1,000 3,400 > 2,000 

.OB-WEAR INDEX (mean h e r t z  
load),  Min. 

)IRT CONTENT: Parts/lO-6 m3 
(pa r t i c l e s / cc )  

25 x 10-6 (microns) o r  Larger 
75 x 10-6 (microns) o r  Larger 

125 x 10-6 (microns) o r  Larger 

- 
- 

iTORAGE STABILITY: 6 Months a t  
38°C (100'F) 

Unworked Penet ra t ion ,  Min. 200 poin ts  Passes 
Worked Penet ra t ion  Change, Max. 30 poin ts  Passes 

750 
150 

None 

Passes Passes 
Passes Passes 

She l l  O i l  Company 

Standard O i l  Company of Cal i forn ia  
~ 9 ,  Royal Lubricants Company 
IC** 

lOTES: For a desc r ip t ion  and recommended usage of t h i s  wide temperature range, molybdenum d i s u l f i d e  
grease ,  see Section 11. 

I n  addi t ion  t o  the  products l i s t e d ,  t he re  are o ther  greases manufactured and o the r  lubr icant  
companies which meet t he  requirements of t h i s  spec i f ica t ion .  Some of these  are: 

Product Manufacturer 

TG-4727 Grease Texaco, Inc .  
Electro-Moly/ll  E l e c t r o f i l ,  Inc .  
Braycote 664 Bray O i l  Company 
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MILITARY SPECIFICATION: MIL-0-23549 A (ASG) 

SPEC. LAUNCH PAD** 
PRGPERTTES REQ . ROYCO* 49 GREASE 

OLOR 

3MPOSI TI  OM : 
OIL TYPE 
THICKENER 
ADDITIVES : RUST INHIBITOR 

OXIDATION INHTBITOR 
EXTREMF: PRESSURE 
SOLID LUBRICANT 

P a r a f f i n i c  Mineral. 
Non-soap Calcium 

Yes Yes 
Yes 

Yes 
MoS2 Yes 

- 

ROPPING POINT, Min. 232°C (450°F) 282°C (540'F) 270°C (518OF) 

4 X .  USABLE TEMP. 204°C (400'F) 

ENETRATION: WORKED AT 25OC (77OF) 270 I 315 300 300 

3PPER CORROSION; 24 h r .  a t  177OC (350'F) (no  p i t  o r  e t c h )  Pass  Passes  Passes  

4LT SPRAY; 48 h r .  a t  35'C (95OF) (no c o r r o s i o n )  Pass  Passes  Passes  

[L SEPARATION: 30  hr. a t  177OC (350°F), X Wt. Loss, Max. 6.0 5 .0  2.2 

~APORATION: 22 h r .  a t  1 7 7 T  (350"F), 'ib W t .  Loss, Max. 7.0 6 . 0  2 . 0  

>'CLING WATER: 10.0 Min., (no d i s i n t e g r a t i o n )  Pass  P a s w s  Pisses 

3AD CARRYING CAPACITY (mean h e r t z ) ,  Min. 491 N (50 k g , )  491 N (50 kg.)  735 CJ (75 kg,  

rORAGE STABILITY: 6 Months, a t  38°C (100"F), P o i n t s  
(max. change i n  worded peneLra t ion)  * 30 S t a b l e  Passes  

-- 
Royal Lubr icants  Company 

' SLaridard O i l  Company o t  C a l i f u r n i d  

OTES: For a d e s c r i p t i o n  and recommended usage of t h i s  g e n e r a l  purpose g r e a s c ,  see S e c t i o n  XI. 

I n  a d d i t i o n  t o  t h e  g r e a s e s  l i s t e d .  o t h e r  g r e a s e s  which m e e t  t h e  requi rements  of t h i s  
s p e c i t i c a t i o n  a r c :  

Product  Manufacturer  

Grease 22443 I n t e r n a t i o n a l  Lubr icants  Company 
Grease XRR 3 Socony Mobil O i l  Company 
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MILITARY SPECIFICATION: MIL-G-23827A 

GREASE, AIRCWT AND INSTRUMENT, GEAR AND ACTUATOR SCREW 

SPEC. AEROSHELLM UNITEMPKM 
PROPERTIES REQ, ROYCO 27* GREASE 7 A EP 

COLOR - 
ODOR (no o b j e c t i o n a b l e  odors) Pass  

Amber Tan 

S y n t h e t i c  
Lithium 
Oxida t ion  

Extreme pressur l  

185°C (365OF) 

-54°C t o  121°C 
(-65'F t o  250°F: 

CMPOSITION, O i l  Type 
Thickener  
A d d i t i v e s  

Synthe t  fc 
Lithium 
Oxida t ion  

Extreme p r e s s u r e  

188°C (370°F) 

S y n t h e t i c  
Microgel  

- 

DROPPING POINT, Min. 163°C (325°F) 

USEFUL TEMPERATURE RANGE 

26OoC (500OF) 

-62°C t o  149'C 
(-80°F t o  300'F) 

PENETRATION, Unworked a t  
25°C (77"F), Min. 
Worked a t  25'C (77OF) 

200 
270 t o  310 

280 
290 

276 
294 

293 
288 

DIRT CONTENT, P a r t i c l e s /  
10-6 m3 ( p a r t i c l e s / m l )  
of  Grease 

25 x m. (microns) 

75 x 10-6 m. (microns) 
Diameter o r  Larger  1,000 

Diameter o r  Larger  None 

OXIDATIbN STABILITY, 100 h r .  
a t  99'C (210°F) P r e s s u r e  
Drop, Max. 68,950 N/m2 

500 h r .  a t  99°C (210°F) 
P r e s s u r e  Drop, Max. 103,420 N/m2 

(10 p s i )  

(15 p s i )  

COPPER CORROSION (bomb t e s t ) ,  
20 h r .  a t  99°C (210°F) 

P r e s s u r e  Drop, Max. 6 ,895 N/m2 

Copper S t r i p  (no 

Grease (no d i s c o l o r a -  

(1.0 p s i )  

c o r r o s  ion)  Pass  

a t i o n  Pass  

450 

0 

10,340 Nfm2 
(1.5 p s i )  

34,480 N/m2 
(5.0 p s i )  

27,580 N/m2 
(4.0 p s i )  

55,160 Nfm2 
(8.0 p s i )  

0.0 

Pass 

Pass  

Pass  

WATER RESISTANCE, 1.0 h r .  a t  
3 8 O C  (lOO°F), % Weight 
Loss ,  M a x .  

EVAPORATION, 22 h r .  a t  99°C 
(210°F), % W e i g h t  Loss, 
Max. 

20.0 

2.5 

2 

2.1 

0 .8  

0.75 

0 

1.1 

2.7 

OIL SEPARATION, 30 h r .  a t  
100°C (212'F), % Weight 
Loss, Max. 5.0 

LOW TEMPERATURE TORQUE, a t  

S t a r t i n g  Torque, Max. 

Running Torque, Max. 

-73°C (100'F) 
0.981 N m. 
(10,000 g. cm.) 
0.0981 N m. 
(1,000 g. cm.) 

2.9 4.1 

0.241 N m. 
(2,450 g. cm.) 
0,0216 N m. 
(220 g. cm.) 
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MILITARY SPECIFICATION: MIL-G-23827A 

GREASE, AIRCRAFT AND INSTRLIMENT, GEAR AND ACTUATOR SCREW 

SPEC. AEROSHELLH U N I T E M W  
PROPERTIES REQ. ROYCO 27* GREASE 7 A EP 

IICH TEMPERATURE BEARING 
TFST at 121°C (250°F), 
Min. Life,  hr.  

.Om CARRYING CAPACITY (mean 
h e r t z  load),  Min. 

:EAR WEAR, kg/1,000 
Cycles (mg/l,OOO cycles) 

22.24 N (5 lb . )  Load, 
Max. Wear 
44.48 N (10 lb.) Load, 
Max. Wear 

JORKED STABILITY, 105 Cycles 
a t  25OC (77'F), Worked 
Penet ra t ion  

WST PREVENTIVE PROPERTIES 
(14-day bear ing  t e s t  a t  
25OC (77'F), 100% RH) 
No Discolora t ion  o r  
Corrosion i n  Excess of 3 
Small Spots 

STORAGE STABILITY, 38 'C 
(100'F) f o r  6 Months 

Penetration Unworked 
at 25°C (77'F), Min. 
Change i n  Worked 
Penetration a t  25OC 
(77°F) 

1,000 

294 N (30 kg.) 

2.5 

3.5 

375 (max.) 

Passes 

200 

30 

Passes 1,250 

339 N (34.6 kg.) 608 N (62 kg.) 

1.5 

2.0 

340 

Passes 

290 

290 

Passes 

Passes 

Passes 

Passes 

1,494 

373 N (38 kg.) 

- 
- 

322 

Passes 

Passes 

Passes 

* Royal Lubricants Company 
?& Shel l  O i l  Company 
$:* Texaco, Incorporated 

NOTES: This spec i f i ca t ion  supersedes the following grease M I L  spec i f i ca t ions :  MIL-G-7718A, 
MfL-G-O07118B, MIL-G-7421B, MIL-G-3278A, and MIL-G-1S793. 

For a descr ip t ion  of t h i s  a i r c r a f t  and instrument greasr ,  and r e c m e n d e d  usage, 
See Section 11. 

In  add i t ion  t o  the products l i s t e d ,  o the r  greases which meet the  requirements of t h i s  
spec i f i ca t ion  a re :  

Product Manufac titreg 

Supermil Grease No. 72832 American O i l  Company 
Cosmolube 678 E. F. Houghton and Company 
Mobilgrease 27 Socony Mobil O i l  Company 
PED-3527 Standard O i l  Company of Ca l i fo rn ia  
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MILITARY SPECIFICATION: MIL-G-25013D 

GREASE, AIRCKAFT, BALL AND ROLLER BEARING 

-- 
SUPERMIL* JET** 

SPEC. ASU GREASE HI-TEMP. AEROSHELL** 
PROPERTIES REQ. NO. 31052 GREASE GREASE 15 

:OLOR 

:OMPOSITION: O i l  Type 

Thickener  

A d d i t i v e s  

JSEFUL TEMPERATURE R A ~ G E  

- S i l i c o n e  S i l i c o n e  

Arylurea  Pigment 
G e l  Agent: 

- Oxidat  i o n  
A n t i r u s t  

-73OC to 232°C 232°C (450°F) 
(-100°F to +450"F) 

3ROPPING POINT, Min. 232°C (450'F) Passes  

?ENETRATION: Unworked a t  25'6 
(77°F) 

Worked a t  25°C (77°F) 260-330 3 00 

:OPPER CORROSION: 24 h r .  a t  loo°C 
(212°F)  (no p i t  o r  e t c h )  Pass  Passes  

LOW TEMPERATURE TORQUE: a t  -54'C 
(-65'F) S t a r t i n g  Torque;  Max. 0.1962 N m. Passes  

(2 ,000 g.  cm.) 
Running Torque ( a f t e r  1 h r . ) ;  
Max. 0.0490 N m.  

(500 g.  em.)  

3XIDATION STABILITY (bomb t e s t )  a t  
122°C (25O"F), P r e s s u r e  Drop 
i n  100 h r . ,  Max. 74,480 N/m2 

(5.0 p s i )  

JAl'ER RESISTAKCE: 1.0 h r .  a t  
38°C (100"F), % W L .  Loss, Max. 20.0 

I IGH TEMP PERFORMAXCE : (hear ing  
l i f e )  a t  232°C (450"F),  H r .  500 (min.) 

WAPORATION: 22 h r .  a t  204°C 
(400°F), % W t .  Loss ,  Max. 4 .0  

31L SEPARATION: 30 h r .  a t  204°C 
(&OO"F), % W t .  Loss ,  Max. 7 .5  

RUST PREVENTIVE PROPERTIES (14 days) 
d a y s ) :  (no d i s c o l o r a t i o n  o r  
c o r r o s i o n  i n  excess o t  3 s m a l l  
s p o t s  p e r  b e a r i n g ;  no p i t t i n g  
o r  e t c h i n g )  p a s s e s  

OlORK STABILITY: a t  25°C (77"F) ,  
LO5 Cycles ,  Worked P e n e t r a t i o n  375 (max.) 

Passes  

0 

1.4  

> 500 

4.0 

6.8 

Passes  

253°C (488'F) 

250 
288 

Passes  

0.0752 N m. 
(767 g .  cm.) 

0.00873 N m. 
(89 g. cm.) 

0 

0 . 4  

1,833 

4.0 

3.9-4.5 

Passes  

294 

Blue 

S i l i c o n e  
S y n t h e t i c  
Organic  
DYf! - 

-73°C t o  316°C 
(-100°F t o  +600°F) 

> 260°C (> 500°F) 

284 
311 

Passes  

2 13,790 N/m 
(2 p s i )  

6 

1,900 

1.6 

4.8 

Passes  
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MILITARY SPECIFICATION: MIL-G-25013D 

GREASE, AIRCRAFT, BALL Ah9 ROLLER BEARING 

- 
SUPER MIL^^ JETfW 

SPEC. ASU GRFASE HI-TEMP. MROSlE 1,1$:5; 
PROPERTIES REQ. NO. 31052 GREASE GREASE 15 

STORAGE STABILITY: 6 Months at 
38°C (100°F) 

Unworked P e n e t r a t i o n  a t  24°C 

Worked P e n e t r a t i o n  Change a t  
(77"F), Min. 200 

24°C (77"F), Max. 30 

Passes 

Passes  

Passe.; 

Passes 

Passes  

Passes  

J: Arreriran O i l  Company 
Texaco, Incorpora ted  

m,,. S h e l l  Oil Company 

. __r. .. . 

.* LJ. 

NOTES: F o r  a d e s c r i p t i o n  and recommended usa:<e of t h i s  wide tempera ture  range b e a r i n g  I;rrlse, s e e  
S e c t i o n  11. 

In a d d i t i o n  t o  t h e  products  l i s t e d ,  o t h e r  g r e a s e s  which meet t h e  reqi i i rcmrnts  of this 
s p e c i f i c a t i o n  are: 

Product  hlamifactiircr 

Xfhil Crease 2 4  Soco.iy Y n h i l  O i  1 Conpany 

This  s p e c i l i c a t i o n  supersedes  PIIL-G-27343h (ASG), "(9rr?nse, liall n11d R o l l e r  b e l r i n g ,  
For  T e m p e r n L u r e  Raiiginp, From -73'C Lo +?04"C (-1OOO1' t o  +LdlO°F)." 
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MILITARY SPECIFICATION: MIL-G-25537A (ASG) 

GXEASE, AIRCRAFT: HELICOPTER OSCILLATING BEARING 

SPEC. AEROSHELLJI ROYCWa 
PROPERTIES REQ. GREASE 14 37R 

:OLOR 

IDOR (nonobjectionable, no 
r anc id i ty ,  perfume o r  alcohol) 

:CMPOSITION : 
O i l  Type 
Gelling Agent 
Additives 

IROPPING POINT, Min. 

PENETRATION : 
Unworked a t  25°C (77'F) 
Worked a t  25°C (77°F) 
Worked lo5 Cycles a t  25'6 

(77 OF) 

~PPARENT VISCOSITY, 10-1 N sec/m2 
(poises) ,  a t  -54°C (-65'F) and 
Shear Rate, 25 sec-1 a t  -54°C 
(-65°F) and Shear Rate, 100 sec- l  

DIRT CONTENT (number of p a r t i c l e s /  
10-6 m 3 ,  pa r t i c l e s / cc )  
25 x 10-6 m3 (microns) o r  above 
75 x 10-6 m3 (microns) o r  above 
125 x lom6 m3 (microns) or  above 

EVAPORATION, 22 hr.  a t  99'C (210°F), 
% Weight Loss, Max. 

OIL SEPARATION, 30 hr.  a t  100°C 
(212OF), % Weight Loss, Max. 

CORROSION ON COPPER, 24 hr .  a t  1OO'C 
(212°F) (no p i t  or e tch)  

OXIDATION (bomb); 400 h r .  a t  99°C 
(21O0F), Max. Pressure Drop/100 h r .  

Tan Light brown 

Pass Passes Passes 

Mineral - 
Calcium soap - 

Wear and oxida t ion  

146 OC (295 OF) 143°C (29O0F) 

- 
- 
- 

138°C (280°F) 

200 t o  305 
265 t o  305 

265 t o  375 

282 
289 

- 

290 
295 

300 

15,000 
7,000 

10,000 
5,000 

5,000 

None 
1,000 

950 
10 
0 

7.0 5.0 5.0 

5.0 1.8 < 5.0 

Pass Passes None 

6,895 Nlm2 
(1.0 ps i )  

34,480 N/m2 
(5.0 p s i )  

6,895 NIm2 
(1.0 p s i )  

WATER STABILITY, Worked lo5 Strokes 
i n  Water: Worked Penetration 
Change, M a x .  

RUST PREVENTIVE (bearing),  2 weeks 
a t  25°C (77"F), 100% RH, M a x .  

OSCILLATION (bearing t e s t ) ;  L i f e ,  
Hours 

STORAGE STABILITY, 6 Months a t  38°C 
(lOO°F), Unworked Penetration 
Worked Penet ra t ion  

USEFUL TENPEMTURE RANGE 

70 Passes 

3 spots  Passes None 

250 (min.) Passes > 250 

200 t o  305 
265 t o  305 

Passes S tab le  
Passes S tab le  

-54°C t o  121°C -54°C t o  93°C 
(-65OF t o  +250°F) (-65OF t o  +200°F) 

Slow t o  medium Slow t o  medium USEFUL SPEED RANGE 

* She l l  O i l  Company 
J;x Royal Lubricants Company 

NOTES: For a desc r ip t ion  and recommended usage of  t h i s  bear ing  grease,  having good low 
temperature and shear r e s i s t ance  proper t ies ,  see  Section 11. 
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MILITARY SPECIFICATION : MIL- G- 2 7549 (USAF) 

GREASE , AIRCRAFT, HEAVY LOAD-CARRY ING 

SPEC COSMOLUBE 
PROPERTIES EQ. 5 100 

COMR 

CCMPOS I T  ION 
O i l  Type 
Thickener 
Additives 

Lavender 

S i l i cone  
Non-soap organic 
EP-oxidation/ 

cor ros ion  

> 260'C (> 500°F) 

- 5 4 0 ~  t o  21.8~~ 
(-65'F t o  425'F) 

281 

- 
Non-soap - 

DROPPING POINT, Min. 

USEFUL T m P E R A m  RANGE 

232°C (450'F) 

- 
PEWTRATION, Worked a t  25°C (77OF) 

WORK STABILITY, lo5 Cycles a t  24°C (77'F), 
Penetration, Max. 

EVAPORATION, 22 hr .  a t  204OC (400°F), %Weight 
Loss, M a x .  

O I L  SEPARATION, 30 hr.  a t  204°C (400°F), %Weight 
Loss, M a x .  

APPARENT VISCOSITY, LO-' N sec/m2 (poises)  ax. 
a t  -54°C (-65'F) and Shear Rate, 20 sec- l  

BEARING PROTECTION, 2 weeks a t  25OC (77OF) & 
100% RH (3 spo t s  v i s i b l e  t o  naked eye, 
Rating 2 

MEAN RERTZ LOAD, Min. 

270 t o  340 

375 325 

10.0 4.75 

7.5 6.27 

20,000 728 

2.0 

589 N 
(60.0 kg.) 

Passes 

836 I 
(85.2 kg.) 

WATER RESISTANCE, 1.0 hr. a t  3 8 ° C  (lOO°F), %Weight 
Loss, M a x .  

STORAGE STABILITY, 6 Months a t  38°C (lOO°F), Unworked 
Penetration, Min. 
Worked Penet ra t ion  Change, M a x .  

OSCILLATION TEST (bearing t e s t ) ,  218°C (425OF), 
250 cycles/min., and 17,790(4,000 lb . ) ,  Min. Cycles 

20.0 1.0 

200.0 
2 30.0 

Passes 
Passes 

100,000 Passes 

LOW TEMPERATURE TORQUE (bearing test) a t  -54°C (-65'F), 
S t a r t i ng  Torque, M a x .  0.491 N m. 

(5,000.0 g. cm.) 
0.0491 N m. 
(500.0 g. cm.) 

Passes 
Running Torque, Max. 

Passes 

Yes 
Yes 
Yes 
Yes 

CMPATIBILITY, Buna "N" & MIL-P-5516 Rubber 
Pa in t  &Lacquers  
P la s t i c s  
Insu la t ion  & Coated Fabrics 

* E. F. Houghton & Company 

NOTE: For a descr ip t ion  and recommended usage of t h i s  load car ry ing  grease,  see  Section 11. 
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AEROSHELLM SUPERMIL**+ 
SPEC. ROYCOX GREASE ASU GREASE 

NO. 06752 PROI'ERT IE S WQ. 60R 16 

COLOR - 
CINPOSITION, O i l  Type 

Gelling Agent High melting 
Additives 

DROPPING POINT, Min. 260°C (500'F) 

PENETRATION, Unworked a t  
25°C (77°F) 
Worked a t  25°C (77'F) 260 t o  320 

CORROSION ON COPPER, 24 
hr.  a t  100°C (212OF), 
No P i t ch  o r  Etch Pass 

OXIDATION STABILITY (bomb) 
a t  99°C (2104F), Pressure 
Drop, MaxI100 hr .  34,480 N/m2 

(5 p s i )  

WATER RESISTANCE, % 
Weight Loss, Max. i 50 

HIGH TEMP. PERFORMANCE, 
Bearing a t  177°C (350°F), 
h r .  (min.) 400 Hr.  

EVAPORATION, 22 hr .  a t  177OC 
(350°F), % Loss, Max. 7 

O I L  SEPARATION, 30 h r .  a t  
177°C (350"F), % Loss, 
Max. 5 

APPARENT VISCOSITY, 10-1 
N secfm2 (poises) ,  Max. 
a t  -40°C (-40°F) and Shear 
Rate, 20 sec-1 15,000 

STEEL-ON-STEEL WEAR ( s h e l l  
four b a l l ) ,  1,200 r p m  a t  
75'C (167OF), 392 N (40 
kg.) f o r  120 min., Wear 
Scar, M a x .  Avg. D i a . ,  
10-3 m. 

BEARING PROTECTION, Rust 
Preventive,  2 Weeks a t  
25OC (77"F), 100% RH, 
Max. 3 spots  

STORAGE STABILITY, 6 Months 
a t  38°C (100'F) Unworked 
Penet ra t ion ,  Min. d 200 
Worked Penetration 260 t o  320 

USABLE TENPERATURE RANGE 

1.3 

Light t an  

Dies te r  syn. 

Wear, r u s t  
Oxidation 

282'C (540OF) 

- 

300 
300 

Passes 

6,895 N/m2 
(1 p s i )  

1 

> 450 

5 

?.5 

9,000 

0.8 

None 

Stab le  

-54°C t o  177'6 
(-65'F t o  +350°F) 

Dark amber 

Synthetic 
Microgel 

260°C (500'F) 

274 
280 

Passes 

27,580 N/m2 
(4.0 ps i )  

2 

> 600 

5 

4.6 

Passes 

-54°C to  204°C 

- 
Es te r  
Arylurea - 

260°C (500°F) 

- 
315 

6,895 N/m2 
(1.0 p s i )  

5 

> 400 

4.9 

3 

- 

-54'C t o  177'C 
(-65'F t o  +350°F) (-65OF t o  +400°F) 
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MILITARY SPECIFICATION: MIL-G-Z5760A(ASG) 

GKEASE, AIRCRAFT, BALL AND ROLLER BEARING, WIDE TEMPERATURE RANGE 

AEROSHELLM SUPER MIL+^^^* 
SPEC. ROYCOJc GREASE ASU GREASE 

PROPERTIES BQ. 60R 16 NO. 06752 

LEAN HERTZ LOAD, or  Load 

:(MPATI'B ILIIY w ITH NATURAL 

Capacity - 559 N (57 kg.) Medium 

RUBBER & NEOPRENE - No No No 

r Royal Lubricant Company 
r* Shel l  O i l  Compaqy 
CA+C American Oil Companv 

?OTES: This spec i f i ca t ion  has been superseded by MIL-G-81322, "Grease, A i rc ra f t ,  General Purposa, 
Wide-Temperature Rangc;" however, because of l imited grease qua l i f i ed  t o  t h i s  new spec i f ica-  
t i o n ,  these greases f o r  the  o lder  spec i f ica t ions  are included. For descr ip t ion  and r ecm-  
mended usage, see  Section 11, 

In addi t ion  t o  the  products l i s t e d ,  severa l  o ther  wide temperature greases a l s o  meet t he  
requirements of t h i s  spec i f ica t ion .  Sane of these a re :  

Product Namc Manufacturer 

Grease TG-4971 Trxae 0, Inc . 
Brayeote 660s Bray O i l  Company 
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MILITARY SPECIFICATION: MIL-G-27617 (USAF) 

GREASE, AIRCRAFT, FUEL AND OIL RESISTANT 

SPEC. 
PROPERTIES REP. FS-1292* PR- 240kJc 

COLOR 

CMPOSITION, Liquid Lubr icant  
V i s c o s i t y  a t  3 8 O C  (lOO°F), 10-6 m2/sec 

a t  99°C (21OoF), m2/sec (Cs.) 
Pour P o i n t  
G e l l i n g  Agent 

(CS.1 

SPECIFIC GRAVITY 

GRADE OF GREASE, NLGI 

DROPPING POINT 

PENETRATION, a t  25°C (77'F), Unworked, Min. 
a t  25OC (77'F), Worked, lo5 Cycles  

EVAPORATION, 22 h r .  a t  204°C (400QF), % 
Weight Loss, Max. 

OIL SEPARATION, 30 h r .  a t  204°C (400°F), 
% Weight Loss, Max. 

COPPER CORROSION, 24 hr .  a t  100°C (212°F) 
(no green  c o l o r )  

LOW TEMPERATURE TORQUE ( b a l l  b e a r i n g )  a t  
-34°C (-30°F) 
S t a r t i n g  Torque, Max. 

Running Torque, Max. 

HIGH TEMPERATURE PERFORMANCE ( b a l l  bear ing)  
L i f e  a t  204OC (400°F), h r .  (min.) 

EFFECT OF FUELS 
S o l u b i l i t y  (112 h r .  s h a k e r ) ,  % Weight 

R e s i s t a n c e  (8 h r .  a t  21OC (70°F), No 
LOSS, Max. 

V i s i b l e  E f f e c t  ( swel l ing ,  b l i s t e r i n g  
o r  c racking)  

RESISTANCE TO AQUEOUS SOLUTIONS (1.0 week 
a t  2loC (70'F) Must Not D i s i n t e g r a t e  o r  

D i s s o l v e  i n :  
(a) D i s t i l l e d  Water 
(b) 50% Alcohol and Water 

FIlM STABILITY (1.0 week a t  100°C (212OF)) 
No Depos i t  o r  Corros ion  on S t e e l  

STORAGE STABILITY (6.0 months) 
Unworked P e n e t r a t i o n ,  M i n .  
Worked P e n e t r a t i o n ,  M a x .  

DIELECTRIC BREAKDOWN VOLTAGE (kv.) 

OXIDATION STABILITY, 600 h r .  a t  99°C (210°F), 
P r e s s u r e  Drop 

- 

- 
- 

- 
- 
- 
200 

280 t o  340 

7.0 

12.0 

Pass  

0.6867 N m. 
(7,000 g.  cm.) 
0.1962 N m. 
(2,000 g. cm.) 

400 

20.0 

Pass  

Pass  
Pass  

Pass  

200 
2 30 

- 

Off-white 

F l u o r o s i l i c o n e  

- 

High-me 1 t 
S o l i d  

1.28 

> 232°C (> 450'F) 

3 10 

Passes  

Passes  

Passes  

0.2943 N m. 
(3,000 g. cm.) 
0.0491 N m. 
(500 g. cm.) 

> 750 

16.0 

Passes  

Passes  
Passes  

Passes  

Passes  
Passes  

White 

PR- 143 

285 
25.5 

-29OC (-20'F) 
"Vydex" 1000 
Fluorocarbon 

2.0 

266.0 
275.0 

1.6 

Passes  

Passes  

Passes  

> 2,000 

Passes  

Passes  

Passes  
Passes  

Passes  

Passes  
Passes  

43.6 

0 

B III- 9 7 



MILITARY SPECIFICATION: MIL-G-27617 (USAF) 

GREASE, AIRCRAFT, FUEL AND OIL RESISTANT 

SPEC. 
PROPERTIES WQ. FS-1292* PR-240** 

SHOCK SENSITIVITY, 95 N m. (70 f t / l b  impact) 
Liquid Oxygen 
Nitrogen Tetroxide 

WEAR AND LOAD CARRYING CAPACITY 
Four-Ball Wear Tes t  (2 hr.  a t  135OC 

(275"F), 1,200 rpn, 98 N (10 kg.) 
load) ) ,  Wear Scar,  m. (mm.) 

Falex EP Tes t  
Mean Hertz Load 

USABLE TEMPERATURE RANGE, OF 

No reac t ion  - 

* Dow Corning Corporati.on 
* E. I. du Pont de Nemours & Company 

NOTES: For a desc r ip t ion  and recommended usage o f  t h i s  ser 
base greases ,  see Sect ion  11. 

. Passes Passes - No reac t ion  

0.60 
9,786 N (2,000 lb.) - 

589 N (> 60 kg.) 

-40°C t o  204% -34OC to 288°C 
(-40°F t o  400'F) (-30°F t o  550°F) 

!s of chemically i n e r t  f l uo ros i l i cone  
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. MILITARY SPECIFICATION: MIL-G-46006 (MR) 

GREASE, AIRCRAFT (HIGH TEMPERATURE, EXTREME PRESSURE) 

:OMPOSITION: Mineral O i l ,  %, Min. 
Thickener, %, Min. 
Additives, % 

79.0 
4.0 - 

IROPPING POINT, Min. 177°C (350'F) 

'ENETRATION: Unworked a t  25°C (77'F) 
Worked (60 cycles) a t  25OC (77°F) 265-295 

lORK STABILITY: lo5 Cycles a t  25°C (77'F), Worked 
Penet ra t ion  Change, Max. * 30 

D A D  CAPACITY : (mean he r t z  load) ; Min. 314 N (32.0 kg.) 

:ORROSIVeNESS (No change i n  consistency. No green or 
dark brown color  i n  grease.  
show no evidence of green o r  black d isco lora t ion)  

lXYGEN STABILITY: (bomb t e s t ) ;  100 h r .  a t  99°C (210"F), 

Copper s t r i p  s h a l l  
P a s s  

Pressure Drop, Max. 68,948 N/m2 (10.0 ps i )  

iPPARENT VISCOSITY: 10-1 N sec/m2 (poises) ,  Max. a t  
25°C (77OF) and Shear Rate, 20 sec- l  
a t  25°C (77°F) and Shear Rate, 50 sec- l  

IIL SEPARATION: 30 hr .  a t  100°C (212"F), % W t .  
Loss, Max. 

?ERFORMANCE TEST: (bearing l i f e  a t  100,000 rpm,  149°C 
(300°F), and 22.2 N (5 l b . )  load),  Min. L i f e ,  H r .  

JATER RESISTANCE: 1.0 h r .  a t  38°C (100"F), % U t .  
Loss, Max. 

:EAR WEAR TEST: (6,000 cycles a t  71°C (160°F)); 22.2 N 
(5 l b . )  Load; Brass Gear W t .  Loss, kg/1,000 

44.5 N (10 lb . )  Load; Brass Gear W t .  Loss, kg/1,000 
(Mg/ 1,000) Cycles 

(Mg/l,OOO) Cycles 

500 
300 

10.0 

200 

10.0 

Texaco, Incorporated 

Passes 
Passes - 

189°C (370'F) 

295 
286 

392 N (40.0 kg.) 

Passes 

27,579 N/m2 (4.0 ps i )  

350 
170 

> 700 

3.8 

6.4 

YOTE: For a descr ip t ion  and recommended usage of t h i s  high temperature, E .P . ,  a i r c r a f t  grease,  see  
Section 11. 

BII I -99  



MILITARY SPECIFICATION: MIL-G-81322 (WP) 

GREASE, AIRCRAET, GENERAL PURPOSE, WIDE-TEMPERATURE RANGE 

SPEC. 
PROPERTIES WQ - XRR-38* 

COMPOSITION: WIDE TEMP. LIQUID LUBRICANT 
HIGH MELT POINT GELLING AGENT 

ODOR: No Objec t ionable  Odors 

DROPPING POINT, Min. 

PENETRATION: Worked a t  25OC (77'F) 

WORK STABILITY: 

COPPER CORROSION: 24 hr. a t  100°C (212°F); (no green  

lo5 Cycles ,  Worked P e n e t r a t i o n ,  Max. 

c o l o r ,  p i t  OK e t c h )  

OXIDATION STABILITY (bomb test) ; 500 hr. a t  99'C (210'F) 
( p r e s s u r e  drop ,  max.) 

EVAPORATION: 22 hr .a t  177OC (350°F) % Weight Loss, Max. 

OIL SEPARATION: 30  h r . a t  177*C (350°F), % Weight Loss, Max. 

WATER KESISTANCE: Bearing Washout, 1 .0  h r . a t  41°C (105°F) 
X Weight Loss ,  Max. 

HIGH TEMPERATURE TEST a t  177*C (35OoF), Bearing L i f e ,  hr;, 
Min . 

LOW TEMPERATURE TORQUE a t  -54°C (-65'P) 
S t a r t i n g  Torque, Max. 
Running Torque, Max. 

LOA0 CAPACITY: Mean Hertz  Load, kg., Min. 

RUBBER SWELL: 1.0 week a t  (15S°F), "L" Syn. Rubber % Vol. 
Increase ,  Max. 

WEAR SCAR, Steel-on-Steel ,  2 h r . a t  75'C (167"F), 1200 Rpm, 
392N (40 k%), Load; Max. Scar  Dia., 10-3 m. (mm.), 
( s h e l l  f o u r  b a l l )  

RUST PREVENTIVE PROPERTIES: Bearing T e s t ,  1 4  Days, a t  
24OC (77"F), 100% KH; Max. 3 
Small  Spots  

P a s s  P a s s e s  

26OoC (500OF) > 260°C (> 500'F) 

265-320 315 

375 337 

P a s s  P a s s e s  

172,400 N/m2 124,100 N/m2 
(18.0 p s i )  (25.0 p s i )  

10.0 1.9 

10.0 4.2 

20.0 3.1 

4 00 > 500 

0.981 N m. 0.422 N m. 
(4,305 g. cm.) 

0.0981 N m. 0.0564 N m. 
(575 g. cm.) 

304N (31.0 kgJ 

(10,000 g. cm.) 

(1,000 g. cm.) 
294N (30.0 kgJ 

15 6.3 

1.30 

Pass  

0.63 

Passes  

STORAGE STABILITY: 6 Months a t  38OC (lOOoP), Unworkcd P e n e t r a t i o n  200 (Min.) 
Worked P e n e t r a t i o n  '30  (Efax.) 

*Socony Mobil O i l  Company 

NOTE: For  a d e s c r i p t i o n  and recommended usage o f  t h i s  g e n e r a l  purpose,  a i r c r a l t :  g r e a s t ,  
see S e c t i o n  11. 

208 
325 
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SYNTIIETIC GREASE, ROCKET PROPELLANT CCMPATIBLE 

PERF1,UOROTRIALKYLAMINE BASE FLUID, TETWLUOROETHYLENE POLYMER THICKENER 

PROPERTIES BRAYCOTE 617* 

COLOR 

COMPOSITION: Base O i l  
G e l l i n g  Agent 

DENSITY: 

PENETRATION: (1/4 S c a l e )  

EVAPORATION: 22 h r .  a t  99°C (210"F), ;b W t .  Loss 

OIL SEPARATION: % W t .  

WATER RESISTANCE: a t  38°C (100"F), % W t .  Loss 

COPPER CORROSION (BOMB): 20 h r .  a t  99°C (210°F) 

k ~ / l O - ~  m3 (g/ml) ,  a t  16OC (60'F) 

D i s c o l o r a t i o n  of Grease 
D i s c o l o r a t i o n  of Copper 
P r e s s u r e  Drop 

WEAR TEST: S h e l l  Four-Bal l ,  1 hr .  a t  600 rpm 
98.1 N (10 kg.) Load, S c a r  Dia., m. (m.) 

372.4 N (40 kg.) Load, Scar  D i a . ,  m. (mm.) 

EXTREME PRESSURE: S h e l l  Four-Bal l  (Weld) 

STATIC SERVICE TEST: Liquid Oxygen 
Nitrogen T e t r o x i d e  
50:50 Blend, Hydrazine and Monomethyl Hydrozine 

IMMERSION I N  FUELS AND OXIDIZERS: 72 h r .  a t  25°C (77°F) (Change i n  
Appearance) 

Ethanol  (Etoh) ;  J e t  Fue l  (JP-4); A n i l i n e ;  
Die thylene t r iamine  (Deta) ;  60:40 UDMll; Deta;  
50:50 UDMH; N2H4; Hydrogen Peroxide,  90%, H202; 
I n h i b i t e d  Red Fuming N i t r i c  Acid ( I R E N A ) ;  
Ni t rogen  T e t r o x i d e  (N2O4) 

IMPACT COMPATIBILITY (ABM T e s t e r )  
Liquid Oxygen; LOX 
Ni t rogen  T e t r o x i d e ,  N2O4 

CONTACT COMPATIBILITY: Most Elastomers  
Aluminum (Fresh ly  Cut)  

T r a n s l u c e n t  w h i t e  

Mixed p e r f l u o r o t r i a l k y l a m i n e s  
T e t r a f l u o r o e t h y l e n e  polymer 

1 . 9  

265-310 

40-50 

4 . 0  

16.0 

None 
None 
0 

0.26 
0 . 5 1  

2,453 N (250 kg.) 

Passes  
Passes  
Passes  

None 
None 
None 
None 
None 

Passes  
Passes  

Passes  
Passes  

* Bray O i l  Company 

NOTE: Braycote  617 i s  a smooth, b u t t e r y ,  wholly s y n t h e t i c  g r e a s e  which c o n t a i n s  no hydrogen and wi th-  
s t a n d s  d i r e c t  exposure under  s t a t i c  c o n d i t i o n s  t o  m o s t  o x i d i z e r s  and f u e l s  c u r r e n t l y  used i n  
r o c k e t  motors .  Dynamic a p p l i c a t i o n s  o f  Braycote  617, immersed i n  p r o p e l l a n t s ,  o r  a t  extreme 
tempera tures ,  have  not  been f u l l y  determined.  The base  f l u i d  i s  both  v o l a t i l e  a t  e l e v a t e d  
tempera tures  and s o l u b l e  t o  vary ing  d e g r e e s  i n  N2O4 depending on tempera ture .  Braycote  617 
h a s  l u b r i c a n t  a n t i w e a r  and extreme p r e s s u r e  c h a r a c t e r i s t i c s  comparable t o  most convent iona l  
petroleum and s y n t h e t i c  g r e a s e s .  Braycote  617 is manufactured e x a c t l y  i n  accordance w i t h  
Formulat ion PD-817 by t h e  method developed a t  Frankford Arsenal .  



HIGH TEMPERATURE SYNTHETIC GREASE 
NONMELTING GREASE, SILICONE RASE OIL (LEHIGH COWAWY) 

ANDEROL 
PROPERTIES L-758 - 

COMPOSITION: O i l  Base S i l i c o n e  
Thickener  Nonme 1 t ing 

FLASH POINT 293°C (560OF) 

FIRE POINT 716'C (600'F) 

DROPPING POINT 260°C (. 5on°F) 

WABLE TEMPERATURE RANGE -29°C to 343°C (-20'F t o  650°F) 

EVAPORATION: 

VISCOSITY, io-' m2/sec ( C ~ J  a t  204°C (40110~) 

22 h r .  a t  260°C (500°F), % bJt.Loss 

a t  99°C (210'F) 
a t  38°C (100°F) 

SPECIFIC GRAVITY 

PENETRATION: IJnworked a t  25'C (77'F) 
Worked a t  25OC (f7OF) 

STAXILITY (Storage) ;  (6 months a t  38°C (100'F)) 
Unworked P m e r n t i o n  

OXTDATION: (Norma-Hoffman Bomb) 
100 hr. a t  99'C (21OoF), P r e s s u r e  Drop 

HUMIDITY CABINET: 25'C ((77OF) a t  50X RH): Hours 

CORROSION: Copper S t r i p :  24 hr. a t  1 0 0 c C  (222OF) 
Copper-Brass; 24 h r . a t  lO0"C (212'F) 

?.O 

4.6 
16.19 
67.19 

i . n 7  

790 
,270 

?hi) 

' 5  

I no 

Passe. 
Passr?  

NOTE: Anderol L-758 is a nonmelt ing s y n t h e t i c  g r e a s e  wi th  a s i l i c o n e  base o i l .  A s m a l l  percentage  
of MoS2 is added t o  i n c r e a s e  l u b r i c i t y .  
650'F). Recommended f o r  hiRh tempera ture  conveyors ,  p1a-l ic  ext r i id ing  marf tries, cwpli i ,$ . ; ,  
cams and fo l lowers .  

l lsnhle  tempera ture  range  of -29OC Lo 3 4 3 ° C  (-2OOF t o  

I 
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H I G H  TEMPERATURE SYNTHETIC GREASE DIESTER BASE FLUID 

(LEHIGH CHEMICAL COMPANY) 

PROPERTIES ANDEROL L-762 

SPECIFIC GRAVITY 0.93 

FLASH POINT 26-OC (500'F) 

FIRE POINT 285OC (545OF) 

DROPPING POINT > 260°C (> 500°F) 

POUR POINT -62OC (-8O0F) 

USABLE TEMPERATURE RANGE -40°C to  260°C (-40OF t o  500°F)  

VISCOSITY, io -6  m2/sec (cs.1 a t  9 9 ~  ( 2 1 0 0 ~ )  
a t  3 8 O C  (100'F) 
a t  -18°C (0°F)  

EVAPORATION: 22 h r .  a t  204°C (400'F); % W t .  Loss  

6 . 7  
37.9 

1 ,400  

c 5.0 

O I L  SEPARATION: 24  h r .  a t  25OC (77°F);  % W t ,  Loss  < 2.0 I 
PENETRATION: Unworked a t  25°C (77'F) 

Worked a t  25°C (77'F) I 285 
295 

WORK STABILITY: lo5  s t r o k e s  a t  25°C (77OF) 365 

COPPER STRIP: 24  h r .  a t  100°C (21Z°F); (no e t c h  o r  p i t s )  P a s s e s  

NORMA-HOFFMAN BOMB OXIDATION 
100 h r .  7.58 x lo5  N/m2 (110 p s i )  a t  99°C (210°F);  p s i  Drop. 
500  h r .  7.58 x lo5 N/m2 (110 p s i )  a t  99OC (210OF); p s i  Drop. 

0.0 
0.2 

NOTES: Anderol  L-762 i s  a medium c o n s i s t e n c y ,  nonmel t ing  g r e a s e  w i t h  Anderol  L-826 medium heavy 
d i e s t e r  b a s e  o i l .  I t  i s  a nonca rhon ing  g r e a s e  t h a t  forms no gum o r  s l u d g e  and h a s  good 
t h e r m a l  s t a b i l i t y .  
c o n d i t i o n s .  Recommended f o r  g e a r  boxes ,  conveyors ,  ovens ,  a p p l i a n c e s ,  t o o l s ,  h i g h  t e m -  
p e r a t u r e  conveyors  and ovens.  

Used f o r  l o n g  l i f e  l u b r i c a t i o n  u n d e r  medium t o  very heavy l o a d i n g  
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LQW VAPOR PRESSURE SINTHETIC GREASES 

I 

"APIEZON" HIGH VACUUM GREASE (JAMES 6. BIDDLE COMPANY) 
*- 

GREASE GREASE GREASE GREASE GREASE GKEASE GREASE 
AP 100 A ?  101 H L M N T 

-_1_--- - PROPERTIES 

LPPROXIMTE MELTING 
. POINT, O C  47 
(OF) (117) 

SPECIFIC GRAVITY a t  
2ooc/15. 5 O C  

3ooc/15. 5 O C  

~ISCOSITY, 10-3 N 

(68 OF160 OF) I.. 042 

(86 'F/60°F) 1.036 

secIm2 (CP) of 
Molten Grease a t  
5OoC (122'F) 
100°C (212'F) 

4VERAGE MOLECULAR 
WEIGHT 

COEFFICIENT OF EXPAN- 
SIOQ Over 2O0C-30"C 
(68'F-86OFl p e r  'C 0.00062 
OF 0.00034 

rwmL CONDUCTIVITY 
Btu i n / f t 2  h ,  OF 
wlm, O C  

(77'F), c a l / g  
SPECIFIC HEAT a t  25OC 

J o u l e l g  

LATENT HEAT OF FUSION, 
callg 
Fusion Peak, 'C 

(OF ) 

o h  an. 

PERMITTIVITY 

LOSS TANGENT 

SURFACE BREAKDOWN, 
kv. a t  f l a s h -  
over 

VOLUME RESISTIVITY, 

EI+FCTRIC STRENGTH, 
vol t s l m i l  

RECOMMENDED USABLE 
TEMP. RANGE, 
O C  10-30 

(OF) (50-86) 

51 

0.981 

0.974 

0.00066 
0.00037 

-40-180 

0.896 0.894 

0.889 0.887 

0.766 (766) 0.413 (413) 
0.0623 (62.3) 0.0298 (29.8) 

' 1,300 

0.00076 
0.00042 

1.50 1.40 
0.216 (1.202 

0.42 - b l  
1.7 - b l  

15.1 
32 

(90 ) 

1.2 x 1016 

2.3 

24 

730 

-10-240 10-30 
(-40-292) (14-464) (50-86) 

950 

0.00075 
0.00042 

1.33 
0.192 

18.7 
34 

(93 1 

2.6 x 

2.1 

43  
(109) 

0.911 

0.904 

0.00072 
0.00040 

1.31 
0.189 

- b l  
a1 

15.0 
31  
(88 ) 

2.0 x 1016 

2.3 

Less than  0.0001 

25 27 

850 820 

10-30 10-30 
(50-86 ) (50-86 ) 

12 5 
(257) 

0.912 

0.905 

0.00073 
0.00041 

1.22 
0.176 

a1 
kf  

3.3 x 1012 

2.7 

24 

730 

0-120 
(32-248) 

51 

k/ 

Greases AP 101 and H do not m e l t  a t  h igh  temperatures and consequently many of thc dbrv: physirai 

Speci f ic  h e a t s  of Greases L, M ,  N,  and T cannot be measured as t h e i r  f u s i o n  peaks a r e  too  close t o  
proper t ies  cannot r e a d i l y  be measured. 

room temperature. 

These low vapor pressure  greases are used l a r g e l y  as vacuum greases, but  because of t h e i r  
h igh  p u r i t y  they are a l s o  e x c e l l e n t  labora tory  greases.  
pensive but  Grease M i s  competit ive w i t h  t h e  b e s t  genera l  purpose labora tory  l u b r i c a n t s  
and is a genera l  purpose grease  w i t h  e x c e l l e n t  l u b r i c a t i n g  p r o p e r t i e s  as w e l l  as a h igh  
vacuum grease.  

NOTES: 1. 
Most "Apiezon" greases  are cx- 

2. These greases  are a l s o  used w i t h  t h e  l i q u i d  medium i n  gas- l iqu id  chromatography. - -I_ --_. ____ 
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SYNTHETIC SILICA-FILLED GREASE (LIMITED LOX SENSITIVLTY) 

FLUOROSILICONE FLUID - DOW CORNING 

DOW CORNING 

F l u o r o s i l i c o n e  
S i l i c a  f i l l e r  

Opaque-white 

SPECIFIC GRAVITY, a t  25OC (77'F) 

DROPPING POINT > 260°C (> 500'F) 

USEABLE TEMPERATURE RANGE -62'C to 204°C (-80'F t o  400'E) 

PENETRATION: (ASTM D-217); Unworked a t  25OC (77'F) 180-220 
Worked (60 Cycles)  a t  25'C (77°F) 

BLEED TESTS: 24 h r , a t  199'C (390°F), Z W t .  Loss 

EVAPORATION TEST: 24 hl; a t  199OC (390°F), Z W E .  Loss 

WATER ABSORPTION: 24 hr, a t  100% RH; % Wt. Loss 

FALEX TEST: S t e e l - o n - S t e e l  4,448.2 N (1,000 l b )  

LOX RESISTANCE: ("ABMA" 97.6 N m. (72 i t / l b )  Impact T e s t ) )  

TOXICITY TEST; Temperature Range C 288OC (<550°F) None 

S i g n i f i c a n t  i n s e n s i t i v i t y  

: 2 8 8 ' ~  (>55O0l..) Toxic 

SOLUBILITY TEST: (8 hL), X W t .  LOSS,  51'-4 Fuel  
Keros ene 
Gasol ine  
Water 
Methyl E t h y l  Ketone 
Other  Petroleum Base Solvents  6 . 0  - 80.0 

O X I D I Z E R  AND FLUID RESISTANCE: 8.0 hr., 30% Hydrogen Peroxide No e f f e c t  
Ethylene G l y r o l  No e f f e c t  
G l y c e r o  1 No e f f e c t  
Dic thylenr  Triwninr  
TRF " J i t r i c  Acid (Rockrt F u r l )  S li 011 t 
Hydrochlor ic  Acid (1OZ) S l i g h t  
Hydrochlor ic  Acid Conc t. Moderate 
S o d i m  Ilydroxrde, 10% Moderati- - F a i r  
IJnsymmetriril Dime thy1  

Hydrazin(~ Poor 

LOW TEMPERATURE TORQUE (Running Torque) ,g. cm.  -34°C (-30°F) < 0.0981 N m. (< 1,000 g. cm) 
-54OC (-65OF) 0.0981 N m. (1,000 g. cn.) 
-62OC (-80°F) 0.1962 N m. (2,000 g. cm.) 
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SYNTHETIC SILICA-FILLED GREASE (LIMITED LcB[ SENSITIVITY) 

FLUOROSILICONE FLUID - DOW CORNING 

DOW CORNING 
PROPERTIES (FS-1281) 

PFECT ON ELASTOMERS: 7 Days a t  7OoC (158'F) 

S i l a s t i c ;  LS-53 Rubber 
S i l a s t i c ;  50 Rubber 
Viton 77-515 
Neoprene 37-043 
GRS 37-076 (Rubber) 
Butyl 37-024 
MIL-P-5315A Type (Rubber) 

Change In  Change In  Change In 
Shore Duometer Volume, % W t . ,  % 

- 10 +10.6 I +8.0 
-6 +4.6 +2 .9  
-4 +1.2 -0.1 
+2 -4.4 -5.3 
4 -0.9 -2.1 
-3 -0.3 -0.4 
+6 -7.4 -6.2 

NOTE: FS-1281 compound is a grease-like canpound cmposed of a f luoros i l icone  f l u i d  thickened 
wi th  f i n e l y  divided si l ica f i l l e r ;  insoluble i n  most o i l s ,  fue l s ,  and so lvents ;  
l i t t l e  o r  no a t t a c k  on most rubber seals; good l u b r i c i t y  proper t ies ;  and i s  nontoxic 
below 288'C (550'F). 

Recommended uses: This compound is recmnended as a fue l ,  o i l ,  and so lvent - res i s tan t  
value lubr icant ,  f o r  appl ica t ion  of extreme temperature range, and f o r  l ub r i ca t ing  
low-speed bearings. 
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' 'HYDROCARBON SYNTHETIC GREASES 

(HALOCARBON PRODUCTS CORPORATION) 

STANDARD HIGH-TEMP. 
STOPCOCK STOPCOCK 25-IOM- 

PROPERTIES GREASE GREASE 25-10 25-1OM SA 25-2OM 

CMPOSITION 
Halocarbon O i l  
Polychlorotrifluoro- 

ethylene W a x  
S i l i c a  Gel 
Rust Inh ib i to r  
Milled 

OLOR 

lROP POINT, Min. 
O C  
O F  

[SABLE TEMPERATURE RANGE 
O C  

O F  

'LUID RANGE 
O C  

O F  

IEAN HERTZ LOAD, kg. 

'ENETRATION, Unworked 
(ASTM-D217), Worked 

Yes 

Yes - 
- 

White 

149 
300 

16-60 
60-140 

149-260 
300-500 

115 
345 

Yes 

Yes - - 
- 

White 

149 
300 

29-104 
85-220 

149-260 
300-500 

70 
320 

Yes 

Yes - 

White 

149 
300 

1-135 
30-275 

149-260 
300-500 

104.4 

170 
290 

Yes 

Yes 

Y e s  

White 

149 
300 

1-135 
30-275 

149-260 
300-500 

104.4 

190 
3 15 

Yes 

Yes 

Yes 
Yes 

Brown 

- 

149 
300 

1-121 
30-250 

230 
350 

Yes 

Y e s  

Yes 

White 

160 
320 

1-149 
30-300 

160-260 
320-500 

106.6 

170 
275 

POLYCHLOROTRIFLUOROETHYLENE AND SILICA GEL GREASES 

PROPERTIES 25-201.1-5A x90- 1oM X90-15M 25-55 llB3 

:OMPOSITION 
Halocarbon O i l  Yes Yes Y e s  Yes Y e s  
Polychlorotrifluoroethylene 

Wax Yes Yes Yes - - 
S i l i c a  Gel Yes Yes 
Rust Inh ib i to r  Yes 
Milled Yes Yes Yes 

:OLOR Brown White White White White 

)ROP POINT 
O C  

OF 

149 149 146 None None 
300 300 295 None None 

JSABLE TEMPEUTURE RANGE 
"C 1-121 -40 t o  93 -40 t o  93 -40 t o  93 
O F  30-250 -40 t o  200 -40 t o  ZOO 0-350 -40 t o  20C 

FLUID RANGE 
O C  
O F  

149-260 149-260 None None 
- 300-500 300-500 None None 

rlEAN HERTZ LOAD, kg. - - 94.4 100 .o 97.2 

PENETRATION, Unworked 
Worked 

240 260 260 230 230 
285 300 265 230 230 

NOTES: 1, Halocarbon greases are noncorrosive toward metals a t  temperatures up t o  177°C (350°F), ex- 

where loca l ized  temperatures and s t r e s s e s  
c e p t  for  copper and sane of  i t s  a l loys  which d isco lor  a t  49°C (120'F). 
a r e  no t  recummended fo r  aluminum appl ica t ions  
of minute se i zu re  may r e s u l t  i n  detonation. 

temperatures. 
an t ic ipa ted  temperatures and pressures. 

d i e l e c t r i c  s t r eng th  and density.  

These greases 

2. Halocarbon greasesmay be used wi th  most elastomers and so lvent - res i s tan t  p l a s t i c s  a t  room 
For elevated temperatures it is  recommended t h a t  t e s t s  be conducted a t  

inert, have l i g h t  thermal s t a b i l i t y ,  good lub r i c i ty ,  high 3. These greases are chemically 
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HlGH TEMPERATURE, HIGH VACUUM DWA8E 
OXIDEZER AWD FUEL PJZSESTANT ( B U Y  OIL COMPANY) 

PROPERTIES 

COMPOSITION: Base Stock Oil 
Thickener Gelling Agent 

F~Asn/Fxm POINT 

DROPPING POINT 

USABLE: TEMPERATUBE RANGE; A i r  
Inert Atmosphere 

VOLATILITY: 
240°C (4OOoF), 22 hr;  Weight LOSS X 

VISCO$TM + 
SPECIFEC GRAVfTY 

PENETRATION: a t  2 5 * C  (77'P) 

OIL SEPARATION: 204OC (400°F), 30 hr . ;  % 

OXIDIZER RESISTANCE 
Impact Test :  MSFC-Spec.-101 

MSFC-Speca-1O6B 

FUEL AND REDUCER RESISTANCE 

SOLUBILI'IY AND WASH-OUT RESISTANCE 

LUBRICATING ABILITY: 

WEAR PREVENTION: 4-Ball Test, 8 hr. a t  60°C (140°F), 
and 600 rpm, Scar Dia. i n  nun. 
Load-Max, Hertz S t ress ;  1.214 x lo9 N/m2 (176,000 ps i )  

3.654 x I O 9  N/mZ (530,000 p s i )  

VACUUM PROPERTIES 

VACUUM WEIGHT LOSS; % 
46 hr, at  121'C (250'F) and 1.33 x N/m2 (10-7 torr) 

Pef luoroa lkyl  polyether (High Mol. Wt.) 
Te t ra f lumaethylene  telomer 

None; Nonflammable 

253°C (488OB) 

-23°C t o  * 260°C (-10°F t o  
' 

500'F) 
-23'C t o  300°C (-10'F t o  680°F) 

None 
< 1.8 

I 

I 

296-313 

93-15.7 

Res is tan t  t o  A l l  Oxidizers 
Paseee 
Passes 

No Reaction 

Inso luble  i n  moat f l u i d s ,  
so luble  only i n  highly 
f luo r ina t ed  l i qu ids  

Excellent E.P. Prope r t i e s  

0.398 
1.199 

Excellent 

N i l  
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LOW-VOLATILITY SYNTHETIC GREASE; 

FOR AIR,  VACUUM AND SPACE APPLICATIONS (BALL BROTHERS RESEARCH CORPORATION) 

PROPERTIES VAC K O E  36209 

MILITARY SPECIFICATION None 

COLOR Very l i g h t  amber 

CCNPOSITION, Base O i l  
Thickner  
Addi t ives  

S y n t h e t i c  
Nonmelting 

E.P., ox id . /cor ros ion  i n h i b i t o r  

DROPPING POINT > 204'6 (> 400'F) 

USABLE TEMPERATURE RANGE 
Low 
High 

-46°C (-50'F) 
121'C (250°F) 

PENETRATION, Worked a t  24°C (77'F) 2 90 

NEAR RESISTANT (EP) Good 

SHELL FOUR-BALL WEAR TEST a t  200°C (392°F) (90 nun., 
600 rpm, 98.07 N (10 kg.)), Avcragc S c a r  Diameter ,  
mm. 

OXIDATION RESISTANT 

STORAGE STABILITY 

CCRIPATIBILITY WITH: 
Rubber, Neoprene, P l a s t i c s  
P a i n t s ,  Lacquer, Solvents  
Jet F u e l  & Gasol ine 
Rocket Fucl  
"LOX" 

VACUUM PROPERTIES 

RECWENDED USES : 
E l e c t r i c a l  Equipment 
Ins t rument  
Ball  and R o l l e r  Brar ings  
Plan Bearings 
S l i d i n g  Surfaces  
Gears 

0.312 

Good 

Good 

No 
No 
No 
No 
No 

Good 

Good 
Good 
Good 
Good 
Good 
Good 
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HIGH TEMPERATURE SYNTHETIC GREASES 

KRYTOX' FLUORINATED GREASES (E. I. du Pont ds Nemours & Cornpan;.) 

KRYTOW 
240 AC 

KRYTGX", KRYTOD KRYTOX9 
250 AC 260 AC 280 AC PROPERTIES 

COMPOSITION KRYTOm 143 AC 
o i l  w i t h  VYDAX@ 
f l u o r o t e l o m e r  
s o l i d s  

KRYTOX@ 240 AC KRYTOm 240 AC 
and MoS2 p l u s  r u s t  

i n h i b i t o r  and 
MoS 2 

KRYTOm 240 AC 
p l u s  rust 
i n h i b i t o r  

VISCOSITY OF BASE FLUID, 
10-6 m2/sec (cs.1 
a t  38OC (100°F) 270 

White 

lkit  e r y  

270 

Black 

R u t  t ery 

270 

Black 

But te ry  

270 

Whj te  

B u t t e r y  

COLOR 

TEXTIJRE 

DENSITY, 1 ~ ~ 1 1 0 - 3  m3 (g/ml) 
a t  25°C (77'F) 1 .93 2.02 2.03 1.95 

PENETRATION (ASTM D217) m/lO 
a t  7.5'6 (77°F) 

Unworked 
Worked 6 0  S t r o k e s  

2 74 
282 

242 
249 

243 
250 

244 
253 

MECHANICAL STABILITY 

S t r o k e s  

S h e l l  Rol l  Tes t  (ASTM D1831) 

P e n e t r a t i o n  A f t e r  100,000 

P e n e t r a t i o n  A f t e r  2-Hr. 

EVAPORATION, FTMS 791-351, Weight % 
a t  149'C (300°F) f o r  22 h r .  
a t  204°C (400°F) f o r  22 h r .  
a t  260°C (50O0F) f o r  22 h r .  

OIL SEPARATION, FTMS 791-321, 
Weight % A f t e r  30 h r .  

a t  99°C (210'F) 
Weight % A f t e r  30 h r .  

a t  204°C (400'F) 

292 

276 

285 

269 

312 294 

284 

... 
2 
3 

3 

11 

5 

13 

4 

6 

5 

L4 

WATER RESISTANCE, FTMS 791-3252, 
Weight % Loss a t  79°C (175°F) 1 1 1 1 

LOAD CARRYING CAPACITY, ASTM D-2596 
Load Wear Index,  kg. 
Weld P o i n t ,  kg. 

78 
400 

86 
400 

95 
>800 

88 
800 

WEAR PREVENTION (ASTM D-2266) 
S h e l l  4-Ball-40 kg. Load, 1-hr .  

Wear S c a r  a t  75°C (167'F), nun. 
Wear S c a r  a t  204OC (400"F), nun. 

and 120 rpm. 

OXIDATION STABILITY, ASTM D942, 
P s i g  Oxygen. P r e s s u r e  Drop 
i n  600 h r .  a t  99°C (210°F) 

1.88 
1.02 

1.69 
1.13 

0 0 

LlQUlD OXYGEN IklPACT TESTS 
USAF Spec. B u l l e t i n  527 
NASA MSFC Spec.  106 
Southwest Research I n s t i t u t e  

React ion I n t e n s i t y  

Pass  
P a s s  
Pass  

Pass Pass  Pa'($ 
Y 

1 
B I I I - 1 1 1  



HIGH TEMPERATURE SYNTHETIC GREASES 

KRYTOfl FWORINATED GREASES (E. I. du Pont de Ncmours & Cmpany) 

5% MoS2 PLUS 
RUST INHIBITOR RUST INHIBITOR 5% MoS2 

PROPERTIES PL-883 PL-884 PL-885 
CCMPOSITION 

VISCOSITY OF BASE FLUID, 
10-6 m2/sec (cs.) 
a t  3 8 C  (100'F) 

COLOR 

TEXTURE 

DENSITY, kg/10-3 m3 (g/ml) 
a t  25% (77°F) 

PENETRATION (ASIM 0217) mm/lO 
a t  25'C (77'F) 
Unworked 
Worked 6Q s t rokes  

MECHANICAL STABILITY 
Penetration Af te r  100,000 Strokes 
Penet ra t ion  Af te r  2-hr. 

She l l  Roll Test  (ASIM D1831) 

O I L  SEPARATION, FlMS 791-321 
Weight % After  30 hr.  

a t  99% (210'F) 
Weight % After  30 hr. 

a t  204°C (400'F) 

WATER RESISTANCE, FlMS 791-3252, 
Weight % Loss a t  79% (175'F) 

LOAD CARRYING CAPACITY, ASTM D-2596 
Load Wear Index, kg. 
Weld Point,  kg. 

WEAR PREVENTION (ASTM 0-2266) 
Shel l  4-Ball-40 kg. load, 1 hr .  

and 120 rpm. 
Wear Scar a t  75OC (167"F), mm. 
Wear Scar a t  204°C (400°F), mm. 

LIQUID OXYGEN IMPACT TESTS 
USAF Spec. Bu l l e t in  527 
NASA MSFC Spec, 106 
Southwest Research I n s t i t u t e  

Reaction In t ens i ty  

Same as KRYTOX~ 
280 AC bu t  has 
more r u s t  in -  
h i b i t o r  

1.97 

241 
229 

- 
270 

4 

15 

1 

89 
> 800 

0.97 
1.06 

Pass 

More r u s t  in- 
h i b i t o r  than 
i n  K R Y T O X ~  
260 AC, micro- 
s i z e  MoS2 . 

270 

Blclcl, 

Iiuttcry 

2.02 

230 
225 

248 

2 

8 

I 

90 
> 800 

1.74 
1.20 

Contains 
microsize 
MoS2 

270 

Black 

Buttery 

2.00 

246 
244 

272 

4 

12 

1 

86 
500 

0.67 
0.69 

Pass 

NOTE: 1. KRYTOe f luor ina ted  greases are multipurpose lubr icants  wi th  super ior  high-tcmperature sta- 
b i l i t y ,  chemical i ne r tnes s  and so lvent  r e s i s t ance  and usua l ly  good l u b r i c i t y  proper t ies .  
They are i d e a l  i n  many i n d u s t r i a l  app l i ca t ions  where long se rv ice  l i f e  i s  not  poss ib le  w i t k  
o ther  ava i l ab le  lubr icants .  KRYTOX" greases are extens ive ly  used t o  lub r i ca t e  a i r c r a f t  cm 
ponents, missiles, space vehic les ,  and a t tendant  ground support  equipment. 

KRYTOX@ greases are prepared by thickening KRYTOX@ f luo r ina t ed  o i l s  with VYDAXv fluorotelomer 
These greases have s i m i l a r  chemical and compat ib i l i ty  c h a r a c t e r i s t i c s  as the base 

2. 
so l id s .  
o i l s  from which they a r e  made, see 111-59, 71 and 72. 

3. These greases have a usable  temperature range f r a n  -34'C t o  288'C (-30'F t o  550°F). 
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FEDERAL SPECIFICATION: W-P-236 

PETROLATZIM. TECHNICAL 

SPbC. BiWYCJI'h* PARMO** KOYCWW 
PROPERTIES REc! 236 70 I R  - 

COLOR, AS'LM 2 t o  a 
.-. 

MELTING POINT 46°C t o  60°C 
(115°F t o  140°F) 

FLASH POINT, COC, 
Min . 199°C (390°F) 

VISCOSITY, a t  99'C 
(210"F), Sus. 70 t o  95 

PENETRATION (un- 
worked) ,  10-4 m. 
(0.1 mm.) 150 t o  275 

CORROSION ON COPPER, 
24 h r .  a t  100°C 
(2 12°F) None 

ASH CONTENT, %Max. 0.1 

NEUTRALIZATION NUMBER, 
10-3 kg. KOH/kg 
(mg/KOH/g, max.1 0.1 

PRECIPITATION NUMBER, 
Max. 0 . 1  

ABRASIVE MATERIAL None 

EVAPORATION LOSS, 
' 1.0 h r .  a t  107°C 

(225'F), % Weight 2.0 

CONSISTENCY 

TRANSLUCENT 

USABLE LOAD RANGE 

USABLE TEMPERATURE 

Bray O i l  Company 
H m b l e  O i l  ti Ref in ing  Company 

*;: Royal Lubr icants  Company 

L7.5 

49°C 
( 120 *' F) 

246'C (475'F) 

79.5 

218 

None 

0.027 

0.0 

0.0 

Nonc 

0.48 

s o r t  

? r s  

I.OW 

Cool 

L2.5 Amber 

54°C 46°C to 60°C 
(130'F) (115OF t o  140°F) 

218'C (425°F) 199°C (390'F) 

77 70 t o  95 

150 t o  275 

Nonc 

None 

Ni 1 

S o f t  

Y c  .j 

None 

0.1 

'0.1 

None 

< 2.0 

S o f t  

Yes 

LOW 

Cool 

NOTES: For  a d e s c r i p t i o n  oL t h i s  l i g h t  grade tecl lnicnl  pe t ro la tum grease and recommended usage ,  
see S e c t i o n  11. 
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MILITARY SPECIFICATION: MIL-T-5542 (ASG) 

THREAD COMPOUND, ANTISEIZE AND SEALING, OXYGEN 

SPEC. RECTORSEAL** 
PROPERTIES REQ. DAG* 217 No. 15 

w. 
None 
None 

:OMPOSITION (smooth, no lumps) 
Mineral o r  Vegetable O i l s  
Animal O i l s  o r  Fa ts  
Mater ia l s  Inflammable wi th  

Oxygen, 13.79 x lo6 N/m2 
(2,000 p s i )  

COLOR 

ODOR (nonobjectionable) 

TOXICITY (no sk in  i r r i t a n t s  o r  
s ens i t i ze r s )  

ANTISEIZE, None on Std. Thd. 
F i t t i n g s  a t  13.79 x IO6 N/m2 

(2,000 p s i )  

Passes 
None 
None 

Passes 
None 
None 

None 

- 
None 

None 

None 

Req. Passes Passes 

Req. Passes Passes 

SEALING, No Leaks on Std. Thd. 
F i t t i ngs  a t  13.79 x IO6 N/m2 

(2,000 ps i )  

USABLE TMPERAWRE RANGE 

Req . 
-54°C t o  7loC 
(-65°F t o  +160°F) 

Passes 

-54°C t o  71°C 
(-65°F t o  +160"F) 

Passes 

-54°C t o  l0O0C 
(-65°F t o  +212"F) 

VIBRATION TEST, Thd. F i t t i n g ,  
24 h r .  a t  13.79 x lo6 N/m2 

(2,000 p s i )  

COPXOSION, Aluminum, S tee l ,  and 
Brass, 4% hr .  

FL4MMAbILITY TEST (nonsupport 
flame) 

KCNH OXIDATION PROPERTIES 
Oxygen, 1.0 hr .  a t  13.79 x 

106 N/m (2,000 p s i )  and 
150°C (302 OF) 

13.79 x LO6 N/m2 (2,000 ps i )  
a t  15GY (302OF) 

Oxygen Surge Pressure,  

FLUID TYPE 

SOLID PARTICLES 

SOLID CONTENT, X 

PIZRTICLE SIZE 

DFNSITY 

No leak  

None 

Passes 

None 

Passes 

Pjone 

Passcs Req. Passes 

No change Passes Passes 

No reac t ion  

- 

- 

Passes 

Organic 

Graphite 

24 

c 

I ,605 i ~ g / J  
(13.4 l b / g d )  

Passes 

Organic 

Graphi t e  

1,725 kg/m3 
(14.4 lb lga l )  

1.729 

None 

SPECIFIC GPIVI'TY 

FLASH POINT 

PENETR4TION VALUE, a t  25'12 
(77'F) (AS'LM) 300 

Company * Acheson Col lo ids  
** Rector Well Equipment Company, Inc. 

NOTE: Tor a desc r ip t ion  and recmnended usage of t h i s  l i g h t  grease o r  pas te  a n t i s e i z e  and 
sea l ing  compound, compatible with gaseous oxygen, see Section T I .  
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MTLITARY SPECIFICATION: MIL-T-5544B 

THREAD COMPOUIOD, ANTI SEIZE, GRAPH1 TE -PETROLATUM 

ESSO* 
SPEC. AVIATION ANTI- ROYCO** 

PROPCRTIES REQ. SEIZE COMP. 1 4 4  

OLOR Grey Black 

:OMPOSTTION : PETROLATUM, 'Z 4 8  - 52 Passes  P a s s e s  
GRAPHITE, % 52 - 4 8  Passes  P a s s e s  

'ETROLATUM: TYPE ( s p e c .  ) vv -P -2 36 P a s s e s  P a s s e s  

:RAPHITC ( s p e c .  ) SS-G-659 P a s s e s  P a s s e s  
P a r t i c l e s  on 148 x m. (I00 rnpsh) S c r e e n ,  Z None P a s s e s  P a s s e s  
I ' a r t i c l e s  nil 79 x 10-6 m. ( L O O  mesh) S c r e e n ,  x < 2 . 0  P a s s e s  P a s s e s  

'I:NI.'TRATION; 25°C (77"l:). Worked ( c o n r f  170  - 1 6 0  2 00 P a s s e s  

;TABILITY: ( c e n t r i f u g e ,  1 / 2  h r .  a t  1500 rprn) 
( s e p a r a t i o n )  None 

TEMPERATURE RANGE, ' lax.  649'C (1200'F) 

3LECTR7 CAI. CONDUCTOR Yes 

:OMPATI BLE W'III OXYGEN No 

:OMPATI BI,E WIT11 CASOT,TNE QI? 01 1, No 

None Nnne 

Yes 

No 

NO 

tfrimblc O i l  b R e T i n i n g  Company 
'-;k Royal L u h r i c a n t s  C<,mpany 

NOTES: For  a d e s c r i p t i o n  and recommended usage of t h i s  h i g h  t c m p e i a t u r e  g r a p h i t e - b a s e  a n t i s e i z e  t h r e a d  
compound, see S e c t i o n  11. 

I n  addition t o  t h e  p r o d u c t s  l i s t e J  Ihcx a n l i s e i z e  cnmpoiinds t,bovn 'Iclow supp1ii .d by t h e  l i s t e d  
m a n u f a c t u r e r s  a l s o  nic,ct t h c  r e q u i r e m e n t s  of t h i s  s p e c i f i c a t i o n :  

P roduc t  Name - Manufac tu re r  

B r a y c o t e  655 Bray O i l  Company 
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MILITARY SPECIFICATION: MIL-C-11796B CLASS (1 & 1A HARD FIIM) 

CORROSION PREVENTIVE CCMPOUND, PETROLATUM, HOT APPLICATIONS 

PROPERTIES 
SPEC. BRAYCOTE COSMOLINE 
REQ. 202* 1060w 

ENETRATION, m. ( ten ths  of mi l l imeter )  30-80 

ELTING POINT (rnin.) 68OC (155'F) 

LASH POINT (min.) 177OC (350'F) 

TABILITY (cycled between 107OC (225'0 and -40°C No foaming, 
(-40 OF) separa t ion  

OLATILITY, % W t .  (3 h r .  a t  107'C (225'F) 1.0 M a x .  

BRASIVES None 

ORROSION PROTECTION (weatherometer, hours t o  r u s t )  300 (rnin.) 
(outdoor exposure, years  t o  r u s t )  1 (rnin.) 

EMOVABILITY ( a f t e r  weatherometer, cycles) 15 (max.) 
( a f t e r  outdoor exposure, cycles) 150 (max.) 

Low POINT, Min. 66OC (150'F) 

OW TEMPERATURE, Cut While a t  -40°C (-40'F) No f l ak ing  

ORROSIVENESS, 14 Days a t  82°C (180'F) 
P i t t i n g  or  Etching 

EIGHT CHANGE, lo-'' kg/m2 (mg/cm2) 
Aluminum 
Brass 
Cadmium 
Magnesium 
S tee l  
Zinc 

None 

f 0.2 
f 0.2 
f 0.2 
ir 0.5 
5 0.2 
f 0.2 

38 

78°C (172'F) 

279OC (535'F) 

Passes 

0.12 

Passes 

Passes 
Passes 

6 
120 

Passes 

Passes 

Passes 

+O .04 
-0.01 
M.02 
+0.07 
-0.01 
+O .03 

30-80 

68'C (155OF) 

177'C (350'F) 

Passes 

Passes 

Passes 

Passes 
Passes 

No flow a t  
66°C (150'F 

Passes 

Passes 

None 
None 
None 
None 
None 
None 

' Bray O i l  Cmpany 
+c E. F. Houghton & Company 

'OTES: For a desc r ip t ion  of  t h i s  ma te r i a l  and recommended usage, see Section 11. 

Other companies supplying material t o  t h i s  spec i f i ca t ion  include: 

Product Manufacturer 

H-2, H-10 Frankl in  O i l  Corporation 
4024 Rust Preventive 
Kendex 7010 Kendall Refining Company 
NOX-Rust 507 NOX-Rus t 
Pe t ro t ec t  P-50 Pennsylvania Refining Company 
Tecty l  435 Valvoline O i l  Company 

Humble O i l  and Refining Company 

Materials are a l s o  ava i l ab le  conforming t o  Classes 2 and 3 of t h i s  spec i f ica t ion .  Class 2 i s  
a hot app l i ca t ion  medium f i lm  and Class 3 i s  e i t h e r  hot o r  co ld  appl ica t ion  s o f t  film. 
ma te r i a l s  are genera l ly  ava i l ab le  f r a n  the  same supp l i e r s  of Class 1 and 1Amaterials. 

These 
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MILITARY SPECIFICATION: MIL-S-8660B 

SILICONE COMPOUNDS 

DOW INSUL 

PROPERTIES REQ. CaMPOUND 6-624 
SPEC. CORNING 4* GREASE* 

COLOR (grey o r  cream, co lo r  
dye permitted) 

PENETRATION, Unworked a t  25°C 
(77OF) 
Worked a t  25% (77"F), Max. 
Worked a t  25°C (77'F) (24 hr .  

a t  204°C (400°F), Max. 

CORROSIVE PROPERTIES (70 hr .  a t  
100°C (212'F) Metals: 

Aluminum Alloy, Copper, Lead, 
Magnesium Alloy, Solder,  Zinc 
and Cadmium-plated S tee l ;  
Singly and Coupled 

Nonmetals : Natural  o r  
Synthe t ic  Rubber, Phenol 
Formaldehyde Resin, Urea 
Formaldehyde Resin, Co- 
polymer of Vinyl Chloride 
and Vinyl Acetate Resin 

RUBBER SWELL, 168 hr .  at  70°C 

INSOLUBILITY, 7 Days a t  25OC 
(77"F), % Weight Loss 

D i s t i l l e d  Water, % 
Isopropyl Alcohol (91%), % 
Ethyl Alcohol, % 
Ethylene Glycol, % 
Glycerine, % 

(158'F), % Volume 

WATERPROOF SEAL TEST, 24 hr .  
a t  25°C (77OF) 

TOXICITY 

FLAElMABILITY TEST (nonflammable) 

HIGH TEMPERATURE EVAPOUTION, 
30 hr.  a t  204°C (400"F), % 
Weight Loss (max.) 

HIGH TEMPERATURE BLEED, 30 hr .  
a t  204°C (400°F), % Weight 
Loss 

LOW TEMPERATLIRE TORQUE, ASlM D- 
1478, -54°C (-65*F), Max. 
Sta r t ing  Torque 

Running Torque 

STORAGE STABILITY, 6 Months 
a t  38OC (lOO°F), Penetra- 
t i o n  Changes 

ARC Resistance (Method 4011, 
Fed. Std. 406), Time, Sec. 

Note Light grey 

200 t o  260 
3 10 

3 10 

No p i t  o r  e t ch  

No change 

2 7.0 

0.4 
10.0 
7.0 
0.5 
0.5 

Pass 

None 

Pass 

2 .o 

8.6 

0.491 N m. 
(5,000 g. cm.) 
0.0981 N m. 
(1,000 g. cm.) 

N o n e  

60 

200 
240 

Passes 

Passes 

Passes 

Passes 

None 

- 

1.5 

4.0 

Passes 

Passes 

- 

100 

Light grey 

200 t o  260 
< 310 

- 

- 
- 
- 
- 
- 

- 
- 
- 

< 2.0 

< 8.0 

- 

> 100 
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MILITARY SPECIFICATION: MILS-8660B 

SILICONE CCMPOUNDS 

COWING 4* GREASE** 
PROPERTIES REQ. COMPOUND 0 6 2 4  

Fed. Std: 406 
1.27 x m. (0.050 in.) ,  

Electrode Gap (min.) 11.8 x lo6 voltsjm 11.8 x lo6 voltsjm 11.8 x 106 voltsjm 
(300 vol t s jmi l )  (300 vo l t s jmi l )  (300 vo l t s jmi l )  

19.7 x lo6 voltsjm 
(500 vo l t s jmi l )  

0.254 x m. (0.010 in . ) ,  
19.7 x lo6 voltsjm Electrode Gap (min.) 

- (500 vo l t s jmi l )  

DIELECTRIC CONSTANT AND DISSIPA- 
T I O N  FACTOR (Method 4021, Fed. 
Std. 406), 23°C (73.4"F), 50% 

Die lec t r i c  Constant, a t  
1.0 kc., 1 & 10 Megacycles 2.90 (max.) 2.85 < 2.90 
Dissipation Factor,  a t  
1.0 kc., 1 & 1.0 Megacycles 0.0025 (max.) 0.0006 < 0.0025 

ELECTRICAL RESISTANCE (volume), 
24 hr. a t  23'6 (73.4OF), Ohms, 

4 hr .  a t  177OC (350°F), Ohms, 
10-2  m .  ( cm. )  (min.) 

10-2 m. (cm.) (rnin.) 1.0 1013 1.0 1014 1.0 1013 

USABLE TEMPERATURE RANGE -57OC t o  204°C -54°C t o  204°C 
(-70°F t o  +400°F) (-65OF t o  NtOO'F) 

- I SPECIFIC G M V I T Y  1.03 

I 
Dini  Coming 

-L,. 
,\,> General E lcc  t r i c ,  S i l icone  Products Department 

NOTES: For a descr ip t ion  and r c c m e n d e d  usage of t h i s  grease l ikc  s i l i cone  compound, E E P  Section 11. 

In addi t ion  t o  thc products l i s t e d ,  s i l i cone  compound "Y2900," manufactured by Union Carbide 
Corporation, S i l icone  Division, also meets the rcquircmtnts of t h i s  spcc i f ica t ion .  
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MILITARY SPECIFICATION: MIL-II-560bU 

HYDRAULIC FLUID, PETROLEZM IlASE; AIRCRAFT, MLSSILE, ORDNANCE 

ROYCOa R M Y  CO"* 
MICRONIC HYDRAULIC MICRON IC 

756 &E 756 D OIL M*** 
SPEC. 

PROPERTIES UQ. 

POUR POINT (max. ) -59'C (-75OF) 

FLASH POINT (rnin.) 93°C (200°F) 

NEUTRALIZATION NUMBER, kg . 
KOH/kg (rng. KOH/g) (rnax.) 0.20 

< -65'C (6-85°F) cy -65'C (cy -85°F) < -59°C (< -75OF) 

102OC (215°F) 102°C (215'F) 102'C (215'F) 

0.07 0.07 0.03 

VISCOSITY, 10-6 m2/sec (cs.) 
a t  54OC (130°F) (min.) 
a t  -40°C (-40'F) (max.) 
at  -54°C (-65OF) (max.) 3 

10 
500 

,000 

10.16 10.16 10.3 
473 473 475 

2,127 2,127 

CORROSION AND OXIDATION 
STABILITY, 121'C (250'F) 
f o r  168 h r .  

Weight Change, kg/m2 
(mg/cm2) S t e e l  
Aluminum Alloy 
Magnesium 
Cadmium P l a t e d  Stecl 
Copper 

No P i t t i n g  o r  Etching a t  
2 ox 

Corros ion  (ASTM Copper 
Corr. S td . ) ,  Max. 

V i s c o s i t y  Change, 54°C 
(130°F), % 

N e u t r a l i z a t i o n  Number, 
I n c r e a s e ,  10-3 kg. 
KOHIkg (mg. KOH/g) 

* 0.2 
2 0.2 
2 0.2 
t 0.2 
L 0.6 

-0.02 
0.00 

-0.01 
-0,04 
-0.03 

-0.02 
0.00 

-0.01 
-0.04 
-0.03 

Passea 
Passes  
Passes  
Passes  
Passes  

Passrs  Passes  Passes  Passes  

3 P a s s r s  Pass e !i. 

+4 

Passes  

-5 to -1-20 i-4 Passes  

' 0.20 0.04 0.04 Passes  

LOW mPERATURE STABILITY, 
72 hr .  a t  -54°C (-65°F) No s o l i d s  o r  

s e para tion 

SHEAR STABILITY, V i s c o s i t y  
Dccrcase, %, 

a t  54°C (130'F) Less than 
a t  -40°C (-40°F) R r f .  f l u i d  

N e u t r a l i z a t i o n  Numbcr 
Change (max.) f0.20 

RUBBER SWELL, Type "L", '% 
Volume Change + i o . r ~  to  28.0 

EVAPORATION, 4 hr .  at 66°C 
(150'F) O i l y ,  Not I h r d  
o r  Tacky Pa:,s 

OPPER STRIP CORROSION 
(AS?M Copper Corr. S t d . ) ,  

M a i t .  > 

I'as s es  Passcs  Passes 

Passes  Passes Passes  
Passcs Pa:; :i r. 6 Passes 

Pass'.s Pas sc s Passe': 

2 6 . 2  26.7 22.4 
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MILITARY SPECIFICATION: MIL-H-5606B 

HYDRAULIC FLUID, PETROLELM BASE; AIRCRAFT, MISSILE, ORDNANCE 

ROYCW BRAYCOW 
SPEC. MICRONIC MICRONIC HYDRAULIC 

PROPERTIES w. 756 A€& 756 D OIL bA* 

)LID PARTICLE CONTAMINATION, 
NO. Par t s ,  10-4 m 3  (NO. 

par t ic les /100  ml . )  (max.) 
5-15 x m. (microns) 

16-25 x m. (microns) 
26-50 x m. (microns) 
51-100 x 10-6 m. (microns) 
Over 100 x 10-6 m. (microns) 

IAMING, a t  24OC (75'F) After 
5 Min. Blowing, lom6 m3 
(ml. ) 
10 Min. Se t t l i ng ,  lom6 m3 
W . )  

LTER CONTENT, % 

:ORAGE STABILITY 

)DITIVES : 
Viscosity-Temperature 

Coeff ic ien t  Improvers 
Oxidation Inh ib i to r s  
Antiwear ( t r i c r e s y l  phos- 

phate) 

2,500 
1,000 

250 
25 

None 

65 

0 

0.01 

Pass 

Yes 
Yes 

Yes 

460 

29 
9 
0.65 

a7 

55 

0 

0.004 

Yes 
Yes 

Y cs 

466 

29 
9 
0.65 

a7 

55 

0 

0.004 

- 

Y e s  
Yes 

YCS 

Yes 

Yes 

Royal Lubricants Company 
Bray O i l  Company 

ht Texaco, Incorporated 

OTES: For a descr ip t ion  of t h i s  hydraulic f l u i d  and r c c m c n d e d  usagc, scc Section 11. 

In  addi t ion  t o  the  products l i s t e d ,  the  hydraulic f l u i d s  supplied by thc following manufacturers 
a l s o  meet the general requirements of t h i s  spec i f ica t ion .  

Product Name Manufacturer 

3126 HVD O i l  
Brayco Micronic 756 C 
Royco 756 A 
PQ Hydraulic Fluid 4226 

PED 3337, PED 3565 
Pe t rof lu id  5606B 
YT-283 

XSL 7828 

Hmble O i l  and Refining Company 
Bray O i l  Company 
Royal Lubricants Company 
American Oil and Supply Company 
Shel l  O i l  Company 
Standard Oil Company of Cal i forn ia  
Pennsylvania Rcfining Company 
Union Carbide Chemical Company 



MILITARY SPECIFICATION: MIL-H-6083B 

HYDRAULIC FLUID, PETROLEUM BASE PRESERVATIVE, TYPE I 

SPEC. ROYCO* IJNT.VIS** 
PROPERTIES WQ. 783 B PJ-44 

LASH POINT ( m i % )  

OUR POINT ( m a . )  

ISCOSITY, rnzfsec (cs.) 
a t  54°C (130'F) (min.) 
a t  -40°C (-40'F) 

EUTRALIZATION NUMBER, kg. KOHfkg 
(mg. KOH/g) 

93°C (200'F) 99OC (210'F) 107 "C (225 OF) 

-59'C (-75OF) < -59OC (< -75OF) < -59°C (< -75°F) 

10 
800 

10.05 11.3 
795 695 

Report  - 
0 0 RECIPITATION NUMBER 

Clear, trans- Pass  
p a r e n t  wfred 
dye 

OLOR 

ORROSION AND OXIDATION STABILITY, 
168 hr. a t  121°C (250° F) Weight Change, 

kg/m2 (mg/cm2) S t e e l  
Aluminum Alloy 
Magnes ium A1 loy  
Cadmium-Plated S t e e l  
Copper 

No P i t t i n g ,  Etching,  o r  Corros ion  a t  20X 
V i s c o s i t y  Change, a t  54OC (130°F), % 
N e u t r a l i z a t i o n  Number I n c r e a s e  (max.) 

* 0.2 
f 0.2 
f 0.2 
i- 0.2 
f 0.6 
Pass 

-5 t o  +20 
0.30 

Passes  
Passes  
Passes  
Passes  
Passes  - 

- 

OPPER STRIP CORROSION, 72 h r .  a t  100°C (212'F) < 3  Pass  

ORROSION PROTECTION, 100 hr .  a t  49°C 
(120'F) and 100% RH Pass 

OW TEMPERATURE STABILITY, 72 h r .  a t  -54°C 
(-65"F), No G e l l i n g ,  C r y s t a l l i z a t i o n ,  
o r  S e p a r a t i o n  Pass  Pass  

HEAR STABILITY, Method 3471, 
V i s c o s i t y  Change a t  54°C (130°F), % Less t h a n  r e f .  

f l u i d  
0.30 

Pass  

N e u t r a l i z a t i o n  Number I n c r e a s e  Pass 

Pass  VAPORATION, 4 hr. a t  66°C (150'F) Oi ly ,  nontacky 

DDITIVES : 
Antiwear ( t r i c r e s y l  phosphate)  
Oxida t ion  I n h i b i t o r s  
Corros ion  I n h i b i t o r s  
V i s c o s i t y  - Temperature CocTfici t .nt  

Improvers 

UBBER SWELL, Type "L" , % Volume Increase 

Royal Lubr icants  Company 
** Humble Oil and Ref in ing  Company 

Yes 
Y cs 
Y e s  

Y e s  
Ycs 
Yrc; 

Yes Y e s  

19.0 t o  26.5 Pass  

QOTES: For a d c s c r i p t i o n  O F  t h i s  h y d r a u l i c  p r e s e r v a t i v e  o i l  and recommended usagc ,  L L ~  S e c t i o n  11. 

I n  a d d i t i o n  t o  t h e  hydrdul ic  f l u i d s  l i s t e d ,  s e v e r a l  o t h e r  manufac turers  produce h y d r a u l i c  f l u i d s  
which m e e t  t h e  requirements  of t h i s  s p e c i f i c a t i o n .  
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MILITARY SPECIFICATION: MIL-H-27601 

HYDRAULIC FLUID, PETROLEUM BASE, HIGH TEMPERATURE, FLIGHT VEHICLE 

SPEC. ORONITE HUMBLE 

VISCOSITY, 10-6 m2f sec (CS. ) 
at -54°C (-65'F) 

-4O'C (-4OoF), Max. 
-18°C (OOF), Max. 
38°C (100'F) 
99OC (210°F), Min. 

288°C (550'F) 

Report 
4,000 

385 

3.20 
Report 

39,306 
3,672 

335.6 
14.62 

3.21 
0.57 

90 

(-70°F) 

(370'F) 

25,900 
3,800 

375 
15.41 
3.32 
0.56 

92 

(-70'F) 

(390-F) 

- 

- 

- 
- 

- 

0.846 

-17 
0.0 
Pass 

+O .04 
+0.06 
+O .04 

2.6 

89 VISCOSITY INDEX, Min. 

(-65°F) POUR POINT, Max. 

(360°F) FLASH POINT, Min. 

NEUTRALIZATION NUMBER 
10-3 kg. KOH/kg (mg. KOH/g) 

TRACE SEDIMENT, Volume %, M a x .  

DIELECTRIC STRENGTH, 20°C (68'F), Min. 

0.20 Max. < 0.01 

0.025 

11.8 x lo6  Volts/m 
(300 vo l t s /mi l )  

SPECIFIC HEAT, Joule/kg O C  a t  -93OC 
(Btu/lb OF) a t  (ZOOOF), Min. 

2,031 
0.484 

2,269 
0.542 

THERMAL CONDUCTIVITY: 
Watt/m 'C a t  204OC 
(Btu!(sq. f t . )  h r .  ( " F ) / f t . )  at (400°F) 

Min . 

0.000828 0.000756 

0.063 0.069 

TIIERK4L MPANSION: Per 'C a t  204°C 
Per "F a t  (400°F), M a x .  

0.00108 
(0.00060) 

0.00067 
0.00038 

RiJLK MODULUS : 
0 t o  68.9 x 106 N/m2 at  38°C 
(isothermal secant ,  0 t o  10,000 

ps i )  at (IOO'F), Min. 

SPECIFIC GRAVITY: 16"C/16°C 
(60"F/60°F) 

TiIEiUt4L STABILITY, 371°C (700"P), 6 hr. 
a. Viscos i ty  Change at 33°C (100"F), % 
b .  Neut ra l iza t ion  Nurnber Increase 
c. Appcarance of Fluid 
d .  Metal Weight Cliange, kg/m2 (mg/cm2) 

I. Naval Bronze 
2 .  M l O  Tool S t e e l  
3 .  52100 S t e s l  

1.38 x lo9 N/m2 1.76 x lo7 N/m2 

200,000 p s i  255,000 p s i  

0.8499 

f 25 
0.40 

0.1 
0.1 
0.1 

-15.25 
0.02 
Pass 

+O .04 
+O. 08 
+O .08 

SWELLiNG OF SYNTHETIC RUBRKR, % 204OC 
(400"F), 72 h r .  Viton 10 2.78 
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MILITARY SPEC I F  ICATION : MIL-H-27601 

HYDRAULIC FLUID, PETROLEUM BASE, HIGH TEMPERATURE, FLIGHT VEHICLE 

SPEC. ORONITE HUMBLE 
PROPERTIES WQ. 6294* 3160* 

LUBRICITY, S h e l l  Four-Ball Wear Test, 
1 h r . ,  600 rpm 

65°C (167OF) 52100 S t e e l  Max. Scar D i a .  

9.81 N (10 kg.) Load, m. (nun.) 0.30 
372.4 N (40 kg.) Load, 10-3 m. (nun.) 0.65 

9.81 N (1 kg.) Load, IOm3 m. (nun.) 0.21 0.161 
0.210 
0.630 

0.16 
0.22 
0.50 

SOLID PARTICLE CONTAMINATION, T i m e  t o  
F i l t e r  100 10-6 m3 (ml.), 
Sample Through 0.45 x 10-6 m. (micron) 10 (ma.) c 10 

FILTER PARTICLE SIZE, Max. 100 IO-" m. (micron) None 

* Cal i fo rn ia  Chemical Company, Oronite Division 
** Humble O i l  and Refining Company 

NOTES: For a desc r ip t ion  o f ,  and reconmended uses of t h i s  ma te r i a l ,  see Section 11. 

This spec i f i ca t ion  a l s o  conta ins  t e s t s  covering foaming c h a r a c t e r i s t i c s ,  r e s i s t ance  t o  oxi- 
da t ion  and corrosiveness and oxidation s t a b i l i t y  not shown on t h i s  sheet.  These  were not 
included because of t h e i r  length and complexity. 
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MILITARY SPECIFICATION: MIL-H-46004 (Ord.) 

HYDRAULIC FLUID, PETROLEUM BASE, MISSILE -- 
SPEC. ROYCO* HYD. O I l W  EF** 

PROPERTIES WQ. 760 3 124 100 

COLOR ( c l e a r  and t ransparent )  

SPECIFIC GRAVITY (* 0.008 
qual .  sample) 

MATERIAL: Base O i l ,  
Additives:  Oxidation 

Inhib. ,  % Weight 
T r i c re sy l  Phosphate, 

% Weight 
Others 

FLASH POINT, Min. 

FIRE' POINT 

Req. Passes Passes Passes 

Req. 0.854 

Petroleum 

Passes 

0.8483 0.8463 

Petroleum 

< 2  

0.4 t o  0.6 
Note (1) 

93°C (200°F) 

Pc troleur,, 

Passes 

Petroleum 

Passes Passes 

104°C (220°F) 96°C (205OF) 

104°C (220'F) 

< -73°C (< -100'F) < -65OC (< -85°F) 

104°C ' (220°F) 

-68°C (-90°F) -59°C (-75°F) POUR POINT, Max. 

VISCOSITY, 10-6.m2/sec ( ~ s . )  
a t  -54°C (-65'F) (max.) 
a t  -40°C (-40°F) (max.) 
a t  38OC (100'F) (min.) 
a t  99'C (210'F) (min.) 

VISCOSITY STABILITY (1.0 hr . )  
-40°C (-40°F), % Viscosity 

-54°C (-65OF), % Viscosity 
Change (max.) 

Change (max.) 

288 
72.4 

2.91 
1.17 

252.1 270.3 
68.2 70.34 

2.89 2.93 
- - 

300 
75 
2.8 

- 

0 

0.84 

1 .o 

l.@ 

0 

-0.4 

-0.04 

0 0 PRECIPITATION NUMBER 

NEUTRALIZATION NUMBER, 
kg. KOH/kg (mg. 

KOH/g) (max.) 

WATER, CONTENT, % (max.) 

CORROSION AND OXIDATION 
(168 hr .  a t  121'C (250°F) 
Weight Loss, 10-l' kg/m2 

S tee l  
Aluminum 
Magne s ium 
Cadmium 
Copper 
P i t t i n g ,  Etching, 

Corroslon 
Viscosity Change a t  

38°C (lOO°F), % 
Ncutra l iza t ion  Number 

Increase (max.) 
Separation o r  Gumming 

(mg/cm2) (max.) 

0.20 

0.015 

0.08 

0.008 

0.01 

0.009 

0.03 

0.0047 

0.20 
0.20 
0.20 
0.20 
0.60 

0.00 
0.00 
0.00 

-0.06 
0.00 

0.00 
c.00 
0.00 
0.00 
0.00 

+0.03 
-0.01 
M.01 
M.02 

0.00 

None None None 

3.07 -5 t o  +20 2.65 2.9 

0.20 
None 

0.00 
None 

C.01 
Passes 

LOW TEMPERATURE STABILITY 
72 hr .  a t  -54°C (-65°F) 

o r  so 1 id  i f i c a t  ion) 
(no ge l ,  c r y s t a l l i z i n g  

Pass Passes Passes 
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MILITARY SPECIFICATION: MIL-H-46004 (Ord.) 

HYDRAULIC FLUID, PETROLEUM BASE, MISSILE 

I 
SPEC. ROYCO* €ED. OIL** EFW* 

PROPERTIES WQ. 760 3 124 100 

RUBBER SWELL (synth.  "L") , 
% Volume (168 h r .  a t  
70°C (158'F) 19 t o  26.5 25.5 22.65 24.0 

COPPER CORROSION, 72  hr .  
a t  100°C (212'F) Pass Passes  Passes  Passes  I 

SOLID PARTICLES, N0./100 
10-6 m3 (max.) 
P a r t i z l e  S i z e  10-6 m. 

5 t o  15 2,500 570 1,343 
16 t o  25 1,000 100 3 18 
26 t o  50 250 120 147 
5 1  t o  100 25 0 17 
> 100 2 0 0 

(micron) 
469 
222 
148 

1 4  
1.7 

EVAPORATION, 4 h r .  a t  66°C 
(150'F) Pass  Passes  Passes  Passes  

CORROSIVITY, 10 Days, 27OC 
(80"F), 50% RH No r u s t  Passes  Passes  Passes  

Jr Royal Lubr icants  Company 
.a era. H u m b l r  O i l  & Ref in ing  Company 

C a l i f o r n i a  Chemical Corpora t i . ,n ,  Ornni te  D i v i s i o n  .?..'A ,.,.- 
NOTES : 

1. This  low tempera ture  h y d r a u l i c  f l u i d  shall c o n t a i n  n o  pour p o i n t  d e p r e s s a n t s ,  v i s c o s i t y  index 
improvers ,  admixtures  of r r r i n s ,  rubber ,  soap ,  gum, f a t t y  o i l s ,  ox id ized  hydrocarbons,  nor  
any o t h e r  a d d i t i v e s  unless s p c c i f i c a l l y  approvcd. 
usage o f  t h i s  low tempcrati 're h y d r a u l i c  f l u i d ,  scc Scctioo T I .  

For a f u i  ther d-ser ip t io i :  dnd r e c t m e n d e d  

2. I n  a d d i t i o n  t o  t h e  products  l i s t e d ,  o t h e r  h y d r a u l i c  f l u i d s  which ma-et t h e  reqciremLnts  of 
t h i s  s p e c i f i c a t i o n  a r e :  

Product  Name Manrifncturcr I 
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LOW VOLATILITY, SYNTHETIC HYDRAULIC FLUID 

AIRCRAFT DISIUIXANE BASE (Royal Lubricants Company) 
I 

PROPERTIES ROYCO 820X 

FLASH POINT 

FIRE POINT 

AUTO. IGNITION, Minimum 

USABLE TEMPERATURE RANGE 

VISCOSITY, 10-6 m2/sec (cs.) 
a t  204°C (400'F) 
a t  99% (21O'F) 
a t  38'C (100'F) 
a t  -54°C (-65°F) 

POUR POINT 

LOW TEMP. STABILITY, 72 hr .  a t  -54°C (-65'F) 

NEUTRALIZATION NO. kg. KOH/kg (mg. KOH/g) 

VAPOR PRESSURE, 204°C (400'F) N/m2 (mm. Hg.) 

RUBBER SWELL 
S Rubber, 70 h r .  a t  121°C (250"F), % Vol. Change 
26C Rubber, 148 hr.  a t  204°C (400°F), % Vol. Change 

HYDROLYTIC STABILITY, 48 hr.  a t  121°C (25O0F) 
Weight Change, Copper, lom1' kg/m2 (mg/sq cm) 
Copper Appearance 
Acid No. Change O i l  Layer 

Viscosity Change a t  99'C (210°F), % Change 
InsolubIes,  % W t .  

H20 

ADD I T  IVE S 

216°C (420'F) 

243°C (470°F) 

399°C (75O0F) 

-54°C t o  177°C (-65OF t o  350'F) 

3.7 
11.1 
32-0 
2400 

- 7 3 " ~  (< -lOO°F) 

Clear l i qu id ,  no haze or  c r y s t a l s  

0.01 

133.32 (1.0) 

+7*0 
+10.0 

-0.02 
S l igh t ,  du l l i ng  

0.08 
0.02 

+l. 8% 
0-05 

Oxidation, corrosion and hydrolysis 

NOTES: Royco 820X is a d is i loxane  base synthe t ic  hydraulic fl i i id with good v i scos i ty  temperature 
proper t ies  and low v o l a t i l i t y .  It a l s o  has good oxidation and corrosion properLies and 
i s  shear s t ab le .  

USES: Newly designed a i r c r a i t  and mis s i l e  hydraulic systems operating a t  temperatures between 
-54'C and 177OC (-65°F and 350"F)and as a heat t r ans fe r  media. 
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HIGH TEMPERATURE HYDRAULIC FLUID, SUPER REFINED, 

PETROLEM BASE (Bray O i l  Company) 

PROPERTIES BRAYCO 777 

FLASH POINT 210°C (410°F) 

AUTO, IGNITION TEMPERATURE 388°C (730°F) 

POUR POINT -34Y (-30°F) 

USABLE TEMPERATURE RANGE -23OC t o  371°C (-10°F t o  700'F) 

VISCOSITY, loa6 d / s e c  (Cs); a t  204°C (400'F) 
99°C (210°F) 
38°C (100°F) 
- 1 O C  (30°F) 

-18°C (O'F) 

VISCOSITY INDEX 

DENSITY: kg/10'3 m3 (g/ml) a t  loe3 kg. KOH/kg, 16OC (60'F) 

1.6 
7.7 

72.8 
1,513 

11,547 

69 

0.888 

NEUTRALIZATION NO.: kg. KOH/kg (mg. KOH/g) 0.0 

CORROSION AND OXIDATION STABILITY: 5 x m3 ( l i t e r s / h r ) ,  
A i r ,  72 hr. a t  175°C (347"F), Weight Change 10-10 kg/m2 (mg/cm2) 

Copper 
Aluminum Alloy 
Magnesium Alloy 
S t e e l  
S i l v e r  

VISCOSITY CHANGE a t  54°C (130°F), % 

NEUTRALIZATION NO. INCREASE, kg. KOH/kg (mg. KOH/g) 

+0.03 
0-00 
0.00 

+o .02 
-0.02 

+1.8 

+o. 1 

NOTE: Brayco 777 is a super re f ined ,  water w h i t e ,  petroleum base hydraulic f l u i d  f o r  high 
temperature operation and aerospace appl ica t ion .  
shear  breakdown and hydrolysis,  and has exce l len t  thermal and oxidation-corrosion 
s t a b i l i t y .  Usable temperature range of -23°C t o  371OC (-lO°F t o  700°F) (closed 
system o r  i n e r t  atmosphere r e c m e n d e d  over 204°C (400°F). Conventional o i l  
and grease resistant pa in ts  and elastomers are compatible wi th  Brayco 777. 
conforms t o  hydraulic f l u i d  MLO-7277 of Pennsylvania S t a t e  University.  

It is extremely r e s i s t a n t  t o  

It 
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VERY LOlJ TEMPERATURE HYDRAULIC FLUID, MISSILE 

PETROLEUM BASE (Bray O i l  Company) 

PROPERTIES BRAYCO MICRONIC 762 

GRAVITY, API,  16°C (60'F) 

SPECIFIC GRAVITY, 16°C (60'F) 

COMPOSITION, O i l  Base 
Addi t ives  

USABLE TEMPERATURE RANGE 

FLASH POINT, COC 

POUR POINT (no d e p r e s s a n t  a l lowed) 

CLOUD POIWT 

APPEARANCE 

COLOR, AS'DI Code 

VISCOSITY, m2/scr (cs.) 
a t  -54°C (-65OF) 
a t  -40°C (-40°F) 
a c  38°C (100°F) 
a t  54°C (130°F) 

LOW TEYPERATURE STABILITY, 72 h r .  a t  -54°C (-65°F) 

C O P J O S I n X  AND OXIDATLON STABLLIIY, 168 h r .  a t  121°C (25OOr)  
Weight Changc, I ( J - ~ ~  kg/m2 (mg/cm2) Copper 

Stccl 
Aluni~nicn 
Magnc.5 i tin1 

Carliiliurn 
" i scos i  t y  Change a t  38°C (LOO'J ' ) ,  2 
X e u t r a l i z a t i o n  Numbc r ,  I O - ]  I<%. I(OH/kq (m:. ! < W p , l  

COP"ER STCil' CORROSION, 12 Iir. a t  lafJ°C (212°F) ( s l i g h t  hroirn 
per-,. s t a i n )  

COWO',TOZI Pfi(jTI;CTIOl\I, Steel, l U J %  hl! a t  38°C ( 'OO"F) ,  Miniminn 
S t a t i c  Water Drop, Minimimi 1 

! S?!I.EA?'ED ASI:, X 

i CikJXIIIM CONTEXT, X 
i 

i !?7ANR,iTIiT R E S I D L E ,  4 ?ir. a t  66°C (LSC'P) (riot tack?) 

3 

! 

34.0 2 0.5 

0.855 

Highly ref .  petroleum 
Oxida t ion ,  c o r r o s i o n ,  a n t i w e a r  

-73°C to 204°C (-100'F to 400OF) 

99°C (210°F) 

< -68°C (< -90°F) 

< -68OC (< -90°F) 

Clear and t r a n s p a r e n t  

2.5 

380 
96.0 

3.4 
2.5 

Nongel, s e p a r a t i o n  o r  
c loud  

0.30 
0.00 

0.01 
0.01 

+5.30 
0.05 

n.02 

I'as s e s 

> 20.0 
> 100.0 

0.49 

0.14 

Passes 

' - . i .J: y r q ~ r < ~ - 7 6 2 ;  Yray O i l  Company - Also m a r k e r r  d a5 Koycn 762, Royal Lubr icants  Company (manufactured by 
Bray Oi: c h n p a n ~ )  

i 
1 
I 

I 
13r3yce) Mirronic  762 meet:: Lhc r e q ~ i i r L m e n t s  of liuglws A i r c r a f t  S p r c i f i c a t i o n  HMS-20-1124B; M a r t i n  

";at, r i a l  S p r r i f i c a t i n s i  MM5-1.1515-1; and pi-nposrd M i l i t a r y  S p e c i f i c a t i o n  MIL-H-25598 (USAF). 

LA 
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HYDRAULIC FLUID - SOLID FlTELMISSILE (PETROLEM BASE) 

ROYCO 745* 
PROPERTIES ROYCO MICRONIC 

PIASH POINT, COC 179'C (355'F) 

POUR POINT -46Y (-50'F) 

VISCOSITY, 10-6 m2/sec (cs.) 
a t  18'C (O'F) 
a t  99°C (210°F) 

1185 
3.82 

A C I D  NUMBER, kg. KOH/kg (mg. KOH/g) 0.05 Basic 

EVAPORATION, 4 hr.  a t  66°C (150'F) Oily 

WATER, % 0.001 

CORROSION 
Weight 

AND OXIDATION STABILITY, A i r  a t  121°C (?50°F), 168 hr. 
Change: 1 O - l o  kg/m2 (mg/cm2) Copper 

Aluminum Alloy 
Magnesium Alloy 
S tee l  
Cadmium on S t e e l  

Viscosity Change a t  54°C (130°F) ,% 
Neutra l iza t ion  Number Increase,  10-3 kg. KOH/kg (mg. KOH/g) 

-0.03 
-0.02 
-0.02 
-0.02 
-0.02 
$1.29 
0.15 

I SWELLING OF SYNTHETIC RUBBER "L", % 20.13 

CORROSION PROTECTION, 100% RH, a t  38°C (lOO°F), hours 
Polished Panels 
Sandblasted Panels 

> 100 
> 100 

I SULFATED RESIDUE, % 0.24 

PACIICULATE CONTAMINATION p e r  100 x 10-6 m3 (ml.) 
5 t o  15 m (micronsj 
15 t o  25 10-6 m. (microns) 
25 t o  50 10-6 rn. (micronsj 
50 t o  160 m. (microns) 
I ~ O +  10-6 m n  (microns) 

680 
180 
80 

6 
2 

* Royal Lubricant Company ( ~ l s o  Rrayco 745 ,  Bray O i l  Company) 

NOTC: Roycu 745 - A p e t r o l e m  base, low c i s c w i t y  hydraulic oil fo r  s o l i d  f u e l  miss i le  systems. It 
has good antiwear proper t ies ,  cont ro l led  x t b b e r  swell ,  and excellenrr oxidation s t a b i l i t y .  
I t  provirIes corrosion s ' i ab i l i ty  and is shear s tab le .  The mirronic grade has a guaranteed 
extremely low psrf-jcuiate contaminants leve l .  

USE: Royco 745 - Ilesigwd Cor use i n  t h rus t  vector cont ro l  systens of miss i les  and o ther  hydraulic 
systcms where t -P l iab i l i ty  and storage s t a b i l i t y  a r c  mtjor requirements. 
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HIGH TEMPERATURE HYDRAULIC FLUIDS 

S i l i c a t e  E s t e r s  (Oroni te  Div., C a l i f o r n i a  Chemical Co.) 

ORONITE ORONITE ORONI TE 
PROPERTIES M2-V 70 8200 

216°C (420°F) 

260°C (500OF) 

404°C (760°F) 

221°C (430°F) 202OC (395OF) LASH POINT, COC 

IRE POINT, COC 

UTO. IGNIT. TEMP. 

ENSITY, 16°C (60°F), kg/10-3 1n3 
( g / c c )  

- 
404°C (760°F) 391°C (735OF) 

0.9464 

< -79°C (d-11O"F) 

0.953 0.932 

OUR POINT 

ISCOSIW, 10-6 m2/sec (cs.1 
a t  - 5 4 O C  (-65°F) 
a t  38°C (100'F) 
a t  99°C (210'F) 
a t  177°C (350'F) 
a t  204°C ( 4 0 0 O F )  
a t  232°C (450°F) 

EUTRALIZATION N O .  kg. KOH/kg 
(mp. KOH/g ) 

APOR PRESSURE, N/m2 (mm. Hg.) 
a t  204OC (400°F) 

1XIDATION AND CORROSION STABILZTY; 
204°C (400°F) 72 h r .  S i l v e r  
W t .  Change: AI uminum 
10-10 kg/m2 (mg/cm2) S t e e l  

Copper 

HEAR STABILITY; 2 h r .  Sonic Osc. Tes t ,  
X O r i g i n a l  V i s c o s i t y  a t  99Oc (210'F) 

2,235 
32.5 
11.3 

3.82 

2650 

5.45 
2.14 

1.32 

17.6 
2593 

24.4 
7.6 

2.35 

0.04 0.14 < 0.10 

77.33 (0.58) 106.66 (0.80) 399.97 (3.0) 

H . 0 1  
0.00 

-0.01 
-0.18 

0.00 
0.00 

+o. 02 
+O. 03 

N i  1 
N i l  

+o. 01 
-0.55 

98.8 98 67 

OAMING PROPERTIES; D892 
(a) Room Temp., m3  (m1.) Foam 

(b) 93'C (200"F), m3 (d.) 
(Time t o  Break, Minimum) 

Foam (Time t o  Break, M i n i r n u n )  

'HERMAL STABILITY; % 99°C (210°F) 

130 (4.75 N i l  

N i  1 40 (1.33) 350 (< 10.0)  

V i s c o s i t y  A f t e r  2 h r .  a t  316°C (600°F) -13.0 -64.0 

IPERATING RANGE -54°C to  260°C 
(-65OF t o  +5OO0F) 

-54OC t o  332OC 
(-65'F t o  +630"F) 

-54°C t o  271°C 
(-65OF t n  +520°F)  

.UBRICITY; 4-Bal l  Wear T e s t  (2 h r . ,  
1,200 rpm, 135°C (275'F) 52100 S t e e l )  
98.1N (10 k g . )  Load, Scar  Dia. i  m. 0.78 
372.4N (40  k g . )  Load, Scar  Dia., 10-3 m. 0.88 

'ISCOSITY IMPROVERS None 

0.72 
0.99 

None 

0.71 
1.32 

Yes 

NOTES: Oroni te  M2-V has  a n  o p e r a t i n g  range of -54°C to  260% (-65'F to t500"F) and i s  recormncnded f o r  
Type 111 and h i g h e r  a i r c r a f t  h y d r a u l i c  systems.  It i s  a s t a b l c  nontoxic  f l u i d  r e q u i r i n g  no 
s p e c i a l  handl ing.  Conta ins  no V I  improvers ,  t h u s  has  good v i s c o s i t y  s t a b i l i t y .  Also has  good 
thermal  and s h e a r  s t a b i l i t y  and extended s e r v i c e  l i f c .  

Oroni te  70 is s i m i l a r  t o  M2-V b u t  has  h i g h e r  temperature  o p e r a t i n g  limits of  -54°C t o  332°C 
(-65°F t o  +630°F). It e q u a l s  o r  exceeds most  o f  t h e  p r o p e r t i c s  of  M2-V and i n  a d d i t i o n  i s  a 
nonfoaming f l u i d .  

Oroni te  8200 has  o p e r a t i n g  tempera ture  l i m i t s  of -54'12 t o ~ 2 ? 1 " C  (-65OF t o  520'F). Contains  a 
polymeric  V I  improver and t h u s  docs n o t  have t h e  s h e a r  an'a thcrmal  s t a b i l i t y  of e i t h e r  M 2 - V  

. o r  70 f l u i d s .  
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APPENDIX A 

LUBRICANT GLOSSARY 

Additive: Any ma te r i a l  added t o  a lub r i ca t ing  grease o r  a lub r i -  
ca t ing  o i l  t o  improve i t s  s u i t a b i l i t y  f o r  service. 
property already possessed by the  lubr icant  or  give it proper t ies  no t  
na tu ra l ly  possessed. 
weld ?additive. 

It may improve a 

Typical examples are antioxidants and "EP" o r  a n t i -  

Antioxidants: Any add i t ive  f o r  the  purpose of reducing the  rate 
(See oxida- of oxidation and subsequent de t e r io ra t ion  of o i l s  o r  greases. 

t i o n  s t a b i l i t y . )  

Apparent v i scos i ty :  The r a t i o  of shear stress t o  r a t e  of shear 
of  a non-Newton f l u i d ,  as ca lcu la ted  from Poi seu i l l e ' s  equation and measured 
i n  poises. 
shear and therefore  must be reported as the  value a t  a given shear rate and 
temperature. 

Apparent v i scos i ty  i s  dependent on temperature and rate of 

ASILM: An abbreviation f o r  the American Society fo r  Testing and 
Materials, which publishes a widely used set  of standards fo r  materials 
and t e s t  methods commonly known as the "ASILM Standards." 

Bleeding: The separa t ion  of l i qu id  lubr icant  from a lub r i ca t ing  
grease f o r  any cause. 
o r  i n  the  cracks of a cracked grease, 
loss .  

The showing of f r e e  o i l  on t h e  surface of a grease 
Usually reported i n  percent weight 

Bomb Oxidation: 
a closed, sealed container,  c a l l e d  a "bomb," containing oxygen under pres- 
sure.  Results reported i n  pressure drop of the "bomb" p s i ,  a t  a spec i f ied  
temperature, pressure and time. 

The oxidation of a substance by combustion i n  

Centistoke: 1/100th of a stoke. A stoke i s  the u n i t  of kinematic 
v i s c o s i t y  wi th  dimensions of square centimeters p e r  second. 

Cetane number: Ameasure of the  i g n i t i o n  qua l i t y  of a f u e l  o r  
petroleum product with reference t o  normal cetane high i g n i t i o n  qua l i t y  
f u e l  with an a r b i t r a r y  number of 100. 

Cloud point:  The temperature a t  which pa ra f f in  wax o r  o ther  s o l i d  
substances begin t o  c r y s t a l l i n e  out or  separa te  from so lu t ion  when an o i l  
i s  c h i l l e d  under d e f i n i t e  prescribed conditions. 
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Compatibility: Ameasure of the  a b i l i t y  of a lubr icant  t o  be 
mixed with o ther  l ub r i can t s  o r  petroleum products and form a uniform m i x -  
t u r e  without causing any r e s u l t a n t  reac t ion  o r  p r e c i p i t a t i o n  of material. 

Contamination: The presence of foreign materials i n  a lubr icant  
usua l ly  r e f e r s  t o  s o l i d  material. 
fore ign  s o l i d  material per given weight of sample. 

Results a r e  reported as the  weight of 

Corrosion: 
sur face  due t o  chemical a t tack .  
necessar i ly ,  due t o  the  formation of ac id i c  materials i n  the  lubricant.  

The gradualdes t ruc t ion  and/or p i t t i n g  of a m e t a l  
This chemical a t t a c k  may be, bu t  i s  not 

D i e l e c t r i c  s t r eng th  - k i lovo l t s :  D ie l ec t r i c  s t rength  is  a measure 
of t h e  a b i l i t y  of a product t o  resist a flow of e l e c t r i c  cur ren t  through it  
and i s  measured as the  minimum voltage i n  k i lovo l t s  t h a t  w i l l  produce a rc ing  
through the material under standard conditions. 

D i r t  content:  
particles present i n  a lub r i can t ,  
number of p a r t i c l e s  p e r  cubic centimeter,  f o r  spec i f ied  p a r t i c l e  s i zes .  

A measure of the  s i z e  and concentration of foreign 
D i r t  content i s  usua l ly  reported as the  

D i s t i l l a t i o n :  A process f o r  determining the  range of temperature 
f o r  which bo i l ing  occurs f o r  a product and the  temperature a t  which a c e r t a i n  
percentage w i l l  be completely boi led  o f f .  

Dropping point: The temperature a t  which a lub r i ca t ing  grease 
passes from the  semisolid t o  the  l i qu id  state under standard conditions of 
test. Dropping poin t  i s  manifested by the  f a l l i n g  of one drop of material 
from an o r i f i c e  i n  the t e s t  apparatus. It i s  not the melting point of 
grease, bu t  a temperature c h a r a c t e r i s t i c  of the  grease. 

Emuls i f iab i l i ty :  Ameasure of t he  a b i l i t y  of an o i l  t o  form and 
maintain an emulsion wi th  water. Demulsibility, the  exact opposite, i s  a 
measure of the a b i l i t y  of an o i l  t o  break from an emulsion. 

Flash point:  The lowest temperature of a l ub r i ca t ing  o i l  a t  
which vapors above the  l i qu id  sur face  w i l l  i gn i t e ,  o r  f l a sh ,  upon applica- 
t i o n  of a s m a l l  test  flame. (Or) t h a t  temperature of a petroleum product 
where s u f f i c i e n t  evaporation occurs so  t h a t  the vapor t o  air r a t i o  a t  the  
product surface i s  high enough t o  support momentary combustion ( f lash)  when 
a source of i g n i t i o n  i s  present.  

Flock point:  Ameasure of t he  tendency of a lubr icant  t o  p r e c i p i t a t e  
wax o r  other s o l i d s  from solution. Depending on tes t  used, t he  f lock  point 
i s  the  temperature required fo r  p r e c i p i t a t i o n  o r  t he  t i m e  required a t  a 
given temperature fo r  p rec ip i t a t ion .  
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F l u i d i t y :  The r e c i p r o c a l  of v i s c o s i t y .  I n  the  cgs.  system t h e  
u n i t  of f l u i d i t y  i s  t h e  " rhe"which  has the  u n i t s  of grams p e r  cent imeter  
second . 

F r e t t i n P  Corrosion:  The oxida t ion  of f i n e l y  d iv ided  wear p a r t i c l e s ,  
which have been worn from bear ing  su r faces  t o  a co r ros ion  product.  Corrosion, 
however, i s  no t  a p a r t  of t h e  b a s i c  mechanism. 

Gravi ty  (API): Gravity i s  an  express ion  of  the  weight-to-volume 
r e l a t i o n s h i p  of a product  and i s  expressed as s p e c i f i c  g r a v i t y ,  o r  weight 
pe r  u n i t  volume a t  a given temperature.  
i n  degrees ,  and i s  found from t h e  s p e c i f i c  g rav i ty  by: 

API g r a v i t y  i s  an a r b i t r a r y  s c a l e ,  

- 131.5 
141.5 

s p e c i f i c  g r a v i t y  a t  
60/60°F. 

A P I  g rav i ty  (degrees) = 

Inso luble  m a t t e r :  Components of a l u b r i c a n t  which are inso lub le  
i n  t h e  prescr ibed  reagents  used i n  a n  a n a l y t i c a l  procedure. 
procedure used should be ind ica t ed  when inso lub le s  are spec i f i ed .  

The a n a l y t i c a l  

Kinematic v i s c o s i t y :  The quo t i en t  of t h e  dynamic o r  abso lu t e  
v i s c o s i t y  d iv ided  by t h e  d e n s i t y ,  both determined a t  the  same temperature. 
The cgs. u n i t  of kinematic v i s c o s i t y  i s  the  s toke  (or  cen t i s tokes  where 
1 s toke  equals  100 c s . )  which has dimensions of square cent imeters  per  second, 

Neu t ra l i za t ion  number: Ameasure of t h e  a c i d i t y  o r  a l k a l i n i t y  of 
a n  o i l .  
t o t a l  a c i d  number, s t r o n g  base number, and t o t a l  base  number). The a c i d  
numbers are t h e  number of mil l igrams of potassium hydroxide requi red  t o  
raise the  pH of 1 g. of t he  sample t o  a c e r t a i n  va lue  and t h e  base numbers 
are the  number of mil l igrams of hydrochlor ic  a c i d  requi red  t o  lower the  pH 
t o  a c e r t a i n  value.  For uniform r e s u l t s ,  base numbers are converted t o  t h e  
number of mil l igrams of potassium hydroxide t h a t  t h e  mil l igrams of hydro- 
c h l o r i c  a c i d  requi red  would n e u t r a l i z e  t o  a pH va lue  of 7. 
n e u t r a l i z a t i o n  i s  reques ted ,  i t  usua l ly  means the  t o t a l  a c i d  number. 

Actual ly  i s  n o t  one number bu t  several numbers ( s t rong  a c i d  number, 

When only a 

O i l  s epa ra t ion :  In  g reases ,  t he  sepa ra t ion  of t he  o i l  p re sen t  
i n  the  grease  i n t o  f r e e  o i l ,  u sua l ly  evidenced as f r e e  s u r f a c e  o i l .  (See 
bleeding.)  Reported i n  percent  weight l o s s  a t  s p e c i f i e d  condi t ions  of 
temperature and t i m e  e 

Oxidation s t a b i l i t y :  A measure of t he  r e s i s t a n c e  of l u b r i c a n t s  t o  
oxida t ion  when s to red  under s t a t i c  condi t ions  f o r  long per iods of time. 
(Or) a measure of t h e  r e s i s t a n c e  of l u b r i c a n t s  t o  oxida t ion ,  a chemical reac-  
t i o n  between por t ions  of t h e  l u b r i c a n t  and any oxygen present .  
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Penetration: A arbitrary measure of the consistency (hardness) 
of lubricating grease. The depth, in tenths of a millimeter, that a standard 
cone penetrates the sample in a standard cup under prescribed conditions of 
weight, time, and temperature. 

Unworked penetration: The penetration of a sample of lubricating 
grease which has received a minimum of handling and has not been subjected 
to the action of a grease worker. 

Worked penetration: The penetration of a sample of lubricating 
grease after it has been brought to standard temperature and subjected to 
a prescribed amount of strokes in a standard grease worker. 

pH value: An arbitrary scale for measuring the acidity or alkalinity 
of a product. Zero is maximum acidity, 14 is maximum alkalinity, and 7 
is neutral. 

Poise: The cgs. unit of dynamic or absolute viscosity which has 
the dimensions of grams per centimeter per second. 

Saponification number: Ameasure of the amount of constituents 
of petroleum that will easily saponify under test conditions. The number 
of milligrams of potassium hydroxide which is consumed by 1 g. of oil 
under test conditions. Saponification number is a measure of fatty materials 
compounded in an oil. 

Storage stability: A measure of the ability of a lubricant to 
undergo prolonged periods of storage without showing any adverse condi- 
tions due to oxidation, oil separation, contamination or any type of 
deterioration. 

Viscosity: Ameasure of the flow characteristics of a fluid. 
The higher a fluid viscosity, the greater the resistance t o  flow. 
viscosity usually varies with temperature; and is usually reported at a 
standard temperature. 

A 

Work factor: Ameasure of the stability of lubricants when sub- 
jected to an endurance test. The work factor is expressed as the average 
value of the ratio to three characteristics (viscosity, carbon residue, 
neutralization number) as measured before and after the test. 

Fire point: The temperature at which the material will continue 
to burn for at least 5 sec, without the benefit of an outside flame. 

Pour point: The pour point of a petroleum oil is the lowest 
temperature at which the oil will pour or flow when it is chilled without 
disturbance under definite prescribed conditions. 
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Autogenous ignition point: The temperature at which a liquid or 
semiliquid petroleum product ignites and burns without an outside flame or 
spark source. 
a controlled volume. 

It is usually determined at atmospheric pressure in air of 

Saponify: To convert into soap; to subject to, or to undergo, 
saponification. 

Absolute viscosity: The absolute or dynamic viscosity of a 
Newtonian liquid is the tangential force on unit area of either of two 
parallel planes at unit distance apart when the space is filled with the 
liquid and one plane moves relative to the other with unit velocity in its 
own plane. The cgs. unit of absolute viscosity is the poise, which has the 
dimension grams per cubic ccntimeters per second. 

C hanne 1 ing : 

1. A term used in connection with lubricating greases to describe 
the usually desirable tendency to form a channel by working down of lubri- 
cating grease in a bearing, leaving shoulders of unworked grease which serve 
as seal and reservoir. 

2, A term in connection with liquid lubricants and flaw type 
lubricating grease t o  describe the tendency, at low temperatures, for these 
materials to form a plastic structure sufficiently strong to resist flow 
under gravitational forces only. 

DN value: Product of bearing bore diameter in millimeters and 
speed in revolutions per minute. 
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APPENDIX B 

SUMMARIES OF STANDARD TEST METHODS 

B.I. T e s t  Methods f o r  Lubricating Fluids 

1. Autogenous Ign i t ion  Temperatures of Petroleum Products 

Spec i f ica t ion :  ASTM D-286-58T 

This method of test  i s  intended f o r  use i n  the  determination of 
t h e  autogenous i g n i t i o n  temperature of l i qu id  and semiliquid petroleum 
products. 

A f l a s k  i s  heated i n  a ba th  of molten a l l o y  and s m a l l  amounts of 
The minimum temperature a t  the  sample are in jec ted  i n t o  the  heated f lask .  

-which i g n i t i o n  of t he  sample w i l l  occur i s  recorded. 

Precision: Results should be duplicable t o  within & 2°C of t h e  
ind ica ted  temperature. 

2. Color of Lubricating O i l  and Petroleum 

Specification: Federal T e s t  Method Standard No. 791a, Method 
102.6, ASTM D-1500-58T 

This method describes aprocedure f o r  the  visual determination of 
the  co lor  of a wide va r i e ty  of petroleum products such as l ub r i ca t ing  o i l s ,  
hea t ing  o i l s ,  d i e s e l  f u e l  o i l s ,  and petroleum w a x e s .  

Ameasured sample of test: f l u i d  is  d i lu t ed  with kerosene and 
placed i n  a standard g l a s s  sample jar  i n  a colorimeter and i t s  co lor  is  
compared t o  the  co lor  of standard glasses.  
ported as the co lor  of t he  next darkest  g l a s s  standard t h a t  matches it. 

The co lor  of t he  sample i s  re- 

Precision: The following da ta  should be used f o r  judging the  
a c c e p t a b i l i t y  of r e s u l t s .  Results should not be considered suspect unless 
they d i f f e r  by more than the following amounts: 

Repeatabil i ty - 0.5 co lor  u n i t s  
Reproducibility - 0.5 co lor  u n i t s  
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3 .  Cloud and Pour Points 

Spec i f ica t ion :  Federal T e s t  Standard No. 791a, Method 201.8 
ASlM D-97-57 

This method describes procedures f o r  determining the  cloud point 
f o r  o i l s  which are t ransparent  i n  i aye r s  3.8 x m, (1-1/2 in.) i n  
thickness and f o r  determining pour poin t  f o r  any petroleum o i l .  Cloud 
poin t  i s  t h a t  temperature a t  whichparaffinwax or  o ther  s o l i d  substances 
begin t o  c r y s t a l l i z e  out o r  separate from so lu t ion  when the  o i l  i s  c h i l l e d  
under prescribed conditions,  

Cloud point:  A sample of the  o i l  i s  placed i n  a t e s t  jar  and i s  
c h i l l e d  slowly. A t  i n t e r v a l s  of l 0 C  (2OF), other samples are inspected f o r  
clouding. When a d i s t i n c t  cloudiness o r  haze appears a t  the  bottom of the  
test  jar, the  temperature reading i s  recorded as the  cloud point. 

Pour point:  A sample of the  o i l  i s  placed i n  a test  jar and 
The sample i s  then c h i l l e d  slowly heated to a predetermined temperature. 

and a t  i n t e r v a l s  of 2.8"C (5"F), t h e  jar i s  t i l t e d  and the  o i l  i s  inspected 
f o r  movement. When the  o i l  reaches a temperature where the  jar can be 
t i l t e d  hor izonta l ly  f o r  5 sec. with no movement, the  pour point i s  taken as 
the  temperature 2.8"C (5OF) above the  s o l i d  poin t  temperature. 

Precision: Individual r e s u l t s  of the  pour poin t  i n  one lab may 
vary by 2.8OC (5OF) and i n  d i f f e r e n t  labs  by 5.6OC (lO°F), although the average 
of th ree  o r  more r e s u l t s  i n  d i f f e r e n t  labs should show a d i f fe rence  between 
averages no g rea t e r  than 2.8"C (5°F). 

4 .  Pour S t a b i l i t y  Charac t e r i s t i c s  

Spec i f ica t ion :  Federal T e s t  Method Standard No,  791a, Method 203 

This method i s  used f o r  determining the pour s t a b i l i t y  of blends 
of win ter  grade (regular,  heavy duty, and d i lu t ed  heavy duty) motor o i l ,  
and of c e r t a i n  types of hydraulic f lu ids .  

A sample of the  o i l  i s  placed i n  a g l a s s  jar i n  a cooling ba th  
and subjected t o  a Predetermined schedule of temperature va r i a t ions ,  and 
then determining the  lowest temperature a t  which no sur face  movement w i l l  
occur when t h e  sample is turned hor izonta l ly  f o r  3 sec. 

Precis ion  : 

Repeatabil i ty:  Results may vary by 2,8"C (5°F) f o r  o i l s  
For blends with s o l i d  points wi th  poor pour s t a b i l i t y  c h a r a c t e r i s t i c s .  

below - 1 8 O C  (OOF) , the  r e s u l t s  may vary 5.6OC (10°F). 
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Reproducibility: Results may vary by 5.6"C (10'F). The 
average of t h ree  or more r e s u l t s  i n  d i f f e r e n t  labora tor ies  show (should) 
no t  d i f f e r  between averages no more than 2.8"C (5°F) e 

5. Pour Point 

Spec i f ica t ion :  Federal T e s t  Method Standard No. 791a, Method 204 

This method i s  used f o r  ind ica t ing  the flow c h a r a c t e r i s t i c  of 
engine o i l s  t h a t  have been d i lu t ed  wi th  av ia t ion  gasoline. 

A sample of the  o i l  i s  d i lu t ed  with a mixture of naphtha and 
xylene and then the  pour poin t  i s  determined as out l ined  i n  ASBIMethod 
D-97 (Federal Test Method 201) cloud and pour point.  

Precision: The same l i m i t s  as set  f o r t h  i n  ASTM D-97 (Federal 
T e s t  Method 201) apply t o  t h i s  method. 

6, Kinematic Viscosity 

Specification: Federal Test Method Standard No. 791a, Method 305.4 
ASTM D-445-61 

This method describes the  procedure fo r  determining the kinematic 
v i scos i ty  of transparent or  opaque f l u i d s  i n  the  range of 0.2 cs .  and higher. 
Determinations may be made a t  any temperature when the  flaw i n  t h e  g l a s s  
capi l la ry- type  viscometers is Newtonian. 

The time i s  measured f o r  a fixed volume of the l i qu id  t o  flow 
through the  c a p i l l a r y  of a ca l ib ra t ed  g l a s s  capi l la ry- type  viscometer under 
an  accura te ly  reproducible head and a t  a c lose ly  cont ro l led  temperature, 
The kinematic v i scos i ty  i s  then ca lcu la ted  from the  e f f l u x  time and the  
viscometer c a l i b r a t i o n  f ac to r ,  

Precision: For c lean  t ransparent  o i l s  t e s t ed  a t  38.OoC (100°F) 
and 100°C (212OF), r e s u l t s  should not be considered suspect unless they 
d i f f e r  by more than the  following amounts. 

Repeatabil i ty - 0.35% of mean 
Reproducibil i ty - 0.7% of mean 
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7. Viscosity and Viscosity S tab i l i t y  a t  -54°C (-65°F) 

Specification: Federal T e s t  Method Standard No. 791a, Method 307 

This method i s  used fo r  determining the kinematic v i scos i ty  of 
transparent lubricants a t  -54°C (-65"F), and the s t a b i l i t y  with respect t o  
time of t h i s  v i scos i ty  a t  -54°C (-65°F). 

A sample of the lubricant  i s  placed i n  a cal ibrated glass-type 
viscometer i n  a bath a t  -54°C (-65'F). 
calculated.  The viscometer and the sample a r e  kept i n  the  bath a t  -54°C 
(-65°F) for  72 hr. and calculat ion of the kinematic v i scos i ty  is  made a t  
d i f f e ren t  i n t e rva l s  during the  72 hr.  t o  determine the v iscos i ty  s t a b i l i t y  
a t  -54°C (-65°F). 

The kinematic v i scos i ty  i s  then 

8. API Gravity of Petroleum Products 

Specification: Federal Test Method Standard No. 791a, Method 401,5 
ASTM D-287-55 

This method describes a procedure fo r  the determination by means 
of a glass  hydrometer of  the API gravity of petroleum products normally 
handled as l iqu ids  and having a Reid Vapor pressure of 11.8 kg. (26 lb.) 
o r  less .  

A sample of f l u i d  i s  heated t o  the proper tes t  temperature and 
placed i n  a glass  cylinder. The hydrometer i s  inser ted,  and the API 
gravi ty  i n  degrees i s  read from the hydrometer and the  temperature of the 
sample i s  noted. A l l  readings a r e  then corrected t o  API gravity a t  15.8"C 
(60 OF) . 

Precision: The following c r i t e r i a  should be used fo r  judging 
r e s u l t s  obtained a t  temperatures of 15.8"C & 10°C (60°F +_ 18°F) Results 
should not be considered suspect unless they d i f f e r  by more than the following 
amounts. 

Repeatability - 0.2 degrees API  
Reproducibility - 0.5 degrees API 

9. Flash and Fi re  Point (Cleveland Open Cup) 

Specification: Federal T e s t  Method Standard No. 791a, Method 
1103.6, ASTM D-92-57 

This method describes a procedure fo r  determining the f l a sh  and 
f i r e  points of petroleum products except fue l  o i l s  and those having an open 
cup f l a sh  below 79°C (175°F). 
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The t e s t  cup i s  f i l l e d  wi th  the  sample. The temperature of t h e  
sample i s  increased rap id ly  and then a t  a slow constant rate as the  f l a s h  
point i s  approached. A t  spec i f i ed  i n t e r v a l s ,  a tes t  flame i s  passed over 
the  cup. The lowest temperature a t  which app l i ca t ion  of the  tes t  flame 
causes the  vapors above the  surface of the  sample t o  i g n i t e  is  taken as 
t h e  f l a s h  point,  
flame causes the  o i l  t o  ignite and burn f o r  a t  least 5 sec. 
t u r e  i s  the  f i r e  point. 

The test  i s  continued u n t i l  t he  app l i ca t ion  of the  tes t  
That tempera- 

Precision: The following d a t a  should be used f o r  judging the  
accep tab i l i t y  of r e s u l t s ,  Results should no t  be considered suspect unless 
they d i f f e r  by more than the  following amount: 

Repeatabil i ty - f l a s h  point,  8.3"C (15°F) 

Reproducibility - f l a s h  point,  16.7OC (30°F) 
f i r e  point,  5.5OC (10°F) 

f i r e  point,  l l . l ° C  (20°F) 

10. Thermal Oxidation S t a b i l i t y  of Gear Lubri,cants 

Spec i f ica t ion :  Federal T e s t  Method Standard No. 791a, Method 2504 

This method is used f o r  determining the  de t e r io ra t ion  of l ub r i -  
can ts  under severe oxidation conditions. 

A sample of t he  o i l  i s  placed i n  a gear case i n  which two spur 
gears and a t e s t  bearing a r e  operated under a load. The gear case i s  
heated t o  163°C (325°F -I 1") and a i r  is bubbled through the lub r i can t  a t  
the  r a t e  of 0.0011 m3 (loll l i t e r s )  per hour as 6,894 N/m2 (1.0 ps i ) .  A 
copper s t r i p  i s  placed i n  the  gear box with the  lubr icant .  

The test  apparatus i s  operated f o r  30 min. and then stopped and 
the  v i s c o s i t y  of the lub r i can t  i s  determined. The tes t  apparatus i s  then 
operated continuously, and v i s c o s i t y  measurements taken every 10 hr. u n t i l  
t he  des i red  v i scos i ty  i s  obtained. 

A t  completion of t e s t ,  t he  apparatus i s  then examined and a l l  
depos i t s  are recorded as w e l l  as the conditions of the  gears,  bearings, 
and the  copper s t r i p  and any wear of the  bearing i s  noted. 

11, Thermal S t a b i l i t y  of Lubricating and Hydraulic Fluids 

Spec i f ica t ion :  Federal T e s t  Method Standard No. 791a, Method 2508 

This method descr ibes  a procedure fo r  determining the  thermal 
s t a b i l i t y  of f l u id .  I n  t h i s  method, t h e  v o l a t i l e  decomposition products 
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are held i n  continuous contact with the f l u i d  during the test. 
does not measure the temperature of which o i l  fragments begin t o  form, but 
w i l l  indicate  bulk fragmentation occurring a t  a specif ied temperature and 
t e s t i n g  period. 

This method 

A sample is  placed i n  a glass  tes t  ce l l ,  and a l l  air  and moisture 
are removed t o  reduce the var iables  of oxidationand hydrolysis. The c e l l  
i s  then sealed a i r t i g h t  under a vacuum and heated t o  26OOC k l 0 C  (500OF k 
2'F) fo r  a period of 24 hr. The sample i s  then observed fo r  evidence of 
insolubles,phase separation, or  other change. The specimen i s  removed from 
the  c e l l  and the kinematic v i scos i ty  (Federal Method 306, ASTM D-1092) 
and the acid and base numbers (Federal Method 5106, ASTM D-664) are deter- 
mined f o r  the heated sample and an unheated specimen and the valves compared. 

12. Trace Sediment i n  Lubricating O i l s  

Specification: Federal T e s t  Method Standard No. 791a, Method 3004.4 

This method i s  used for  determining t race amounts (less than 0.05 
volume %) of sediment i n  lubricat ing o i l s .  

A 50 m l .  sample of the test  o i l ,  mixed with 50 m l .  of naphtha, 
i s  centrifuged a t  a r e l a t i v e  centr i fugal  force of 600-700 for  10 min. 
The mixture i s  decanted and the sediment i s  l e f t  i n  the  tube. 
t u re  of 50 m l .  naphtha and 50 m l .  of o i l  i s  mixed i n  the tube and centrifuged 
fo r  10 min. The f i n a l  volume of sediment is noted and the r e su l t s  a r e  re- 
ported as the volume of sediment p e r  100 m l .  of sample. 

Another mix- 

13. Contamination 

Specification: Federal T e s t  Method Standard No. 791a, Method 3006 

This method i s  used for  determining the degree of contamination 
caused by foreign so l id  material i n  engine o i l .  

A 0.015 m3 (4 gal.) sample of the o i l  ismixed with 0.015 m3 (4 
gal.) of naphtha and the mixture i s  f i l t e r e d  through a 200-mesh sieve. 
The remaining so l id  material i s  weighed and reported as the weight of so l id  
material i n  the  specimen. 

14. Precipi ta t ion Number of Lubricating O i l s  

Specification: Federal T e s t  Method Standard No. 791a, Method 
3101,5, ASTPl D-91-61 

This method gives the procedures for  determining the  prec ip i ta t ion  
number of steam cylinder stock and block o i l s ,  and may be used f o r  other 
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l u b r i c a t i n g  o i l s ,  The p r e c i p i t a t i o n  number i s  the  number of m i l l i l i t e r s  
of p r e c i p i t a t e  found when a sample of t h e  l u b r i c a t i n g  o i l  i s  t r e a t e d  and 
cen t r i fuged  under prescr ibed  condi t ions .  

A 10-ml, sample of the  l u b r i c a t i n g  o i l  i s  mixed w i t h  90 m l .  of 
p r e c i p i t a t i o n  naphtha and cen t r i fuged  a t  a r e l a t i v e  c e n t r i f u g a l  f o r c e  of  
600-700 f o r  10-min. per iods .  The amount of p r e c i p i t a t e  formed i n  m i l l i -  
l i t e r s  i s  read  as the  p r e c i p i t a t i o n  number. 

Prec is ion:  Resul t s  should no t  be considered suspec t  un less  they 
d i f f e r  by more than t h e  fol lowing amounts: 

P r c c i p i t a t i o n  No., 0.00 - 1.20; 
Repea tab i l i t y ,  10% of mean; 
Reproducib i l i ty ,  30% of mcan. 

15, Inso lubles  i n  Used Lubr ica t ing  O i l s  

Spec i f i ca t ion :  Fcderal  T e s t  Method Standard No. 791a, Method 3121.3 
ASTM D-893-60T 

This method desc r ibes  the  procedures f o r  t h e  determinat ion of 
pentane and bmzcnc in so lub le s  i n  uscd l u b r i c a t i n g  o i l s .  One procedure 
covers  t h e  de te rmina t ion  of i n so lub le s  wi thout  t h e  use of coagulant  i n  the 
pcntanc. The second procedure covers  t he  de te rmina t ion  of i n so lub le s  i n  
o i l s  con ta in ing  detergents and employs a coagulant  f o r  both the  pentane and 
benzene inso luhlcs .  

In  t-hc f i r s t  procedure, a sample  of the used o i l s  i s  mixed wi th  
pentane and cent r i fupcd .  The p r e c i p i t a t e  i s  washed w i t h  pentane twice,  
d r i e d  and wcightc! to givc thc  pentane inso lubles .  For benzene in so lub le s ,  
a sepa ra t e  sample i s  mixed wi th  pentane and ccnt r i fugcd .  
i s  washed twice with benzene, and w i t h  benzene-alcohol,  and once wi th  
benzene, d r i e d  and weighed t o  g ive  the  benzene in so lub lc s .  

The p r e c i p i t a t e  

I n  the  second procedure a sample of uscd o i l  i s  mixed wi th  pentarre 
coagulant  s o l u t i o n  and cent r i fuged .  Thc p r e c i p i t a t e  i s  washed twice w i t h  
pentane,  d r i e d  and weighed t o  g ive  thc  coagulated pentane inso lubles .  For 
coagulated benzene in so lub le s ,  a separatc sample is  mixed wi th  pentane- 
coagulant  s o l u t i o n  and cen t r i fuged ,  t h e  p r e c i p i t a t e  i s  washed twice w i t h  
pentane,  once w i t h  benzene-alcohol s o l u t i o n ,  and once wi th  benzene, d r i e d ,  
and weighed t o  g ive  t h e  coagulatcd bcnzene in so lub le s ,  
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Precision: The following d a t a  should be used f o r  judging the  
accep tab i l i t y  of r e s u l t s .  Results should not be considered suspect unless 
they d i f f e r  by more than t h e  following amounts : 

Insolubles ,% 

0.0 - 1.0 
over 1.0 

Re pea tab i 1 i t y  Reproducibil i ty 

0.07% 0.10% 
10% of mean 15% of mean 

16. Foaming Charac te r i s t i c s  of Lubricatinp O i l s  

Spec i f ica t ion :  Federal T e s t  Method Standard No. 791a, Methods 
3211.3 and 3212.1, ASTM D-892-63 

This method t e s t  i s  intended f o r  the  determination of the  foaming 
c h a r a c t e r i s t i c s  of l ub r i ca t ing  o i l s  a t  spec i f i ed  temperatures. Means of 
empirically r a t i n g  the  foaming tendency and the  s t a b i l i t y  of the  foam are 
described. 

The sample i s  maintained a t  a temperature of 24°C (75"F), i s  
blown with a i r  a t  a constant rate fo r  5 min. and then allowed t o  s e t t l e  f o r  
10 min. The volume of foam i s  measured a t  the  end of both periods. The 
test  i s  repeated on a second sample a t  93°C (200"F), and then a f t e r  col-  
l aps ing  the  foam, a t  24°C (75°F). 

Precision: The following d a t a  should be used f o r  judging the 
accep tab i l i t y  of r e s u l t s .  Results should not be considered suspect unless 
they d i f f e r  by more than the  following amounts a t  the  end of the 5-min. 
blowing period. 

Repea tab i l i ty  - 10 ml.or 15% of average, 

Reproducibility - 10 m l .  o r  38% of average, 
whichever i s  g rea t e r  

whichever i s  Ti-eater 

17. Compatibility of Turbine Lubricating O i l s  

Spec i f ica t ion :  Federal T e s t  Method Standard No. 791a, Method 3403 

This method i s  used t o  determine the  compatibil i ty of a i r c r a f t  
tu rb ine  lubr icants  with s p e c i f i c  r e fe ree  lubr icants .  

The sample l ub r i can t i smixed  with the  r e fe ree  lub r i can t  i n  three  
d i f f e r e n t  r a t i o s  of lo%, 50%, and 90%, by volume. The mixtures are then 
heated a t  105OC 2 2°C (221OF 5°F) f o r  168 hr.  The mixtures a r e  thoroughly 
a g i t a t e d  and centrifuged f o r  10-min. i n t e r v a l s  u n t i l  t he  volume of sediment 
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becomes cons tan t .  The r e s u l t s  are repor ted  as t h e  average volume of s ed i -  
ment per  mixture.  

18. S t a b i l i t y  o f  Lubr ica t ing  O i l s  (Work Fac tor )  

Spec i f i ca t ion :  Federa l  T e s t  Method Standard No. 791a, Method 3451.2 

This  method i s  used f o r  determining t h e  s t a b i l i t y  of l u b r i c a t i n g  
o i l s  when subjec ted  t o  an  endurance test. The specimen t o  be t e s t e d  i s  
examined be fo re  the  tes t  f o r  t h e  fol lowing:  (a) Carbon Residue (Federal  
T e s t  Method 5002); (b) N e u t r a l i z a t i o n  Number (Federal  Test  Method 5105); 
(c) P r e c i p i t a t i o n  Number (Federal  T e s t  Method 3101) ; (Astra Method D-91) ; 
(d) V i scos i ty  (Federal  T e s t  Methods 304 o r  305, ASTM Method D-88 o r  D-445). 

The specimen i s  then  t e s t e d  i n  a j o u r n a l  bear ing  wi th  a b a b b i t t -  
m e t a l  bear ing.  The j o u r n a l  i s  operated a t  3000-5100 rpm/2000 * 100 rpm 
f o r  c e r t a i n  samples ,  w i t h  an  o i l  p re s su re  of 10 p s i g  (15 p s i g  f o r  c e r t a i n  
samples) and a bear ing  load of 1,034,100 N/m2 (150 p s i )  f o r  a per iod of 
100 k 1/2 hr .  A f t e r  t h e  t e s t ,  t h e  o i l  i s  aga in  t e s t e d  f o r  t h e  above 
p r o p e r t i e s  and a work f a c t o r  number f o r  t h e  sample i s  c a l c u l a t e d  from t h e  
changes observed. 

19. Separa t ion  C h a r a c t e r i s t i c s  of Universal  Gear Lubricants  

Spec i f i ca t ion :  Federal  Test Method Standard No .  791a, Method 3455 

This method i s  used f o r  determining t h e  sepa ra t ion  c h a r a c t e r i s t i c s  
of  u n i v e r s a l  gear  l u b r i c a n t s  dur ing  s torage .  

A 100-ml. s ample  of t he  l u b r i c a n t  is s t o r e d  i n  a dark  room a t  
room temperature 29°C & 8°C (85°F 15°F) f o r  30 days and cen t r i fuged  and 
examined f o r  s o l i d  sepa ra t ion .  I f  none occurs ,  then  the  sample i s  s t o r e d  
f o r  30 more days. The sample i s  then  cen t r i fuged  and examined f o r  s o l i d  
and/or  l i q u i d  sepa ra t ion .  I f  a s o l i d  sepa ra t e s ,  it i s  weighed and r e s u l t s  
are repor ted  as t he  percent  by weight o f thcnonpe t ro l eum s o l i d  material  
i n  the  sample. I f  a l i q u i d  Separa tes ,  i t  i s  measured and t h e  r e s u l t s  are 
repor ted  as t h e  percent ,  by volume, of nonpetroleum l i q u i d  i n  t h e  sample. 

20. Hydrolyt ic  S t a b i l i t y  

Spec i f i ca t ion :  Federa l  T e s t  Method Standard No. 791a, Method 3457 

This method i s  used f o r  determining t h e  r e s i s t a n c e  of  an  o i l  t o  
r e a c t i o n  i n  con tac t  w i t h  w a t e r .  The tes t  c o n s i s t s  of tumbling; under 
s p e c i f i e d  condi t ions  of t i m e ,  temperature and tumbling rate, a mixture  of 
tes t  o i l  and water i n  a b o t t l e  con ta in ing  a copper s t r i p ,  and then  t e s t i n g  
f o r  changes i n  the  o i l ,  w a t e r ,  and copper. 
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21. Swelling of Synthetic Rubbers 

Specification: Federal T e s t  Method Standard No. 791a, Method 3603.4 

This method i s  used f o r  determining the  swelling e f f e c t s  of petroleum 
products upon synthe t ic  rubber, 

The volumes of t h ree  standard test shee ts  of rubber are determined 
by water displacement. The shee ts  are then immersed i n  the  sample f o r  168 
hr.  a t  70°C (158"F), and the  average change i n  the  volume of the shee ts  i s  
computed. The r e s u l t s  are reported as percentage change i n  the volume. 

Precision: T e s t  r e s u l t s  by one operator, a t  one laboratory,  
s h a l l  not vary from the  average by more than the  following: 
volume change is 0-5% u n i t s ,  then v a r i a t i o n  must not exceed 0.5% u n i t ;  
i f  average volume change i s  above 5% u n i t s ,  then v a r i a t i o n  must not exceed 
1% uni t s .  

i f  average 

22. Swelling of Synthetic Rubber (Aircraf t  Turbine Lubricants) 

Spec i f ica t ion :  Federal T e s t  Method Standard No.  791a, Method 3604 

This method is  used f o r  determining the  swelling e f f e c t s  of air-  
c r a f t  turbine lubr icants  on synthe t ic  rubber, 

Three shee ts  of a standard test  rubber are immersed with lub r i -  
can t  which i s  heated t o  70°C l 0 C  (158°F 2°F). Af te r  t h e i r  volume has 
been determined by water displacement, the  rubber shee ts  remain i n  the 
heated lubr icant  f o r  168 hr.  The shee ts  are then removed, cleaned, and any 
change i n  volume i s  determined by water displacement. 
ported as the  average percent volume change of the  three  rubber sheets.  

The r e s u l t s  are re- 

Precision: Results should not d i f f e r  by more than the  following: 

Repeatabil i ty - 1% 
Reproducibility - 2% 

23. Carbon Residue (Conradson) 

Spec i f ica t ion :  Federal T e s t  Method Standard No. 791a, Method 
5001.9, ASTM D-189-62 

This method descr ibes  a procedure f o r  the  determination of t he  
carbon residue l e f t  a f t e r  evaporation and pyrolysis of an o i l ,  and i s  intended 
t o  provide some indica t ion  of r e l a t i v e  coke-forming proper t ies ,  
generally appl icable  t o  r e l a t i v e l y  nonvolati le petroleum products which 

It is  
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p a r t i a l l y  decompose on d i s t i l l a t i o n  a t  atmospheric pressure .  Petroleum 
products  con ta in ing  ash-forming c o n s t i t u e n t s  w i l l  have an erroneously high 
carbon r e s idue ,  depending on t h e  amount of ash  formed. 

The weight  quan t i ty  of  t h e  sample is placed i n  a c r u c i b l e  and 
sub jec t ed  t o  d e s t r u c t i v e  d i s t i l l a t i o n .  
coking r e a c t i o n s  du r ing  a f ixed  per iod  of severe hea t ing .  
h e a t i n g  per iod ,  t h e  c r u c i b l e  w i t h  t h e  r e s idue  i s  cooled i n  a d e s s i c a t o r  and 
weighed. 
sample and r epor t ed  as t h e  Conradson carbon res idue .  

The r e s i d u e  undergoes c racking  and 
A t  t h e  end of t h e  

The r e s idue  remaining i s  c a l c u l a t e d  as a percentage of t h e  o r i g i n a l  
' 

24. Deposit-Forming Tendencies of A i r c r a f t  Turbine Lubricants  

Spec i f i ca t ion :  Federa l  T e s t  Method Standard No. 791a, Method 5003 

This test  method desc r ibes  a procedure f o r  determining the  depos i t  
and sludge-forming tendencies  of a i r c r a f t  t u rb ine  lub r i can t s .  

A sample of t h e  l u b r i c a n t  i s  c i r c u l a t e d ,  i n  a s p e c i a l  decomposition 
tes te r ,  under prescr ibed  cond i t ions ,  f o r  a prescr ibed  per iod of t i m e  through 
a n  ae ra t ed  t e s t  chamber con ta in ing  an  aluminum tube he ld  a t  a cons t an t  t e m -  
pe ra tu re  of 310°C 5 1°C (590°F 5 5'F). From t h e  chamber t h e  o i l  passes  
through a c o o l e r ,  a l i n e  f i l t e r ,  a c i r c u l a t i n g  pump and back i n t o  t h e  chamber. 
A t  t he  end of 12 hr . ,  t h e  t e s t  run  is  stopped. The weight of s o l i d  decom- 
p o s i t i o n  products  on t h e  heated tube i s  recorded as coke. The weight of 
t h e  products  found i n  t h e  l i n e  f i l t e r  i s  recorded as sludge. The depos i t  
r a t i n g  i s  ca l cu la t ed  from: d e p o s i t  r a t i n g  = sludge -k 10 (coke). 

Prec is ion:  The r e s u l t s  should n o t  d i f f e r  by more than  t h e  follow- 
ing  amounts: 

Repea tab i l i t y  - 0.75 depos i t  r a t i n g  
Reproducib i l i ty  - 0.75 depos i t  r a t i n g  

25. N e u t r a l i z a t i o n  Number by Color I n d i c a t o r  T i t r a t i o n  

Spec i f i ca t ion :  Federal  T e s t  Method Standard No. 791a, Method 5105,3 
ASTM D-974-58T, I n s t i t u t e  of Petroleum: IP-l39/64T 

This method i s  intended f o r  t h e  de te rmina t ion  of a c i d i c  o r  b a s i c  
c o n s t i t u e n t s  i n  petroleum products and l u b r i c a n t s  so lub le  o r  nea r ly  s o l u b l e  
i n  mixtures  of to luene  and i sopropyl  a lcohol .  It i s  a p p l i c a b l e  f o r  t h e  
de te rmina t ion  of a c i d s  o r  bases  whose d i s a s s o c i a t i o n  cons t an t s  i n  water  are 
l a r g e r  t han  extremely weak a c i d s  o r  bases  whose d i s a s s o c i a t i o n  con- 
s tan ts  are smaller than  10-9 do n o t  i n t e r f e r e .  
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To determine the  t o t a l  ac id  o r  s t rong  base number, t h e  sample i s  
dissolved i n  a mixture of toluene and isopropyl alcohol containing 
amount of water,  and the  r e s u l t i n g  single-phase so lu t ion  i s  t i t r a t e d  a t  
room temperature wi th  standard a lcohol ic  base o r  a lcohol ic  ac id  so lu t ion ,  
respec t ive ly ,  t o  t he  end poin t  ind ica ted  by the  co lo r  change of the  added 
p-naphtholbenzoin so lu t ion  (orange i n  ac id  and green-brown i n  base),  To 
determine the  s t rong  ac id  number, a separa te  por t ion  of t h e  sample i s  ex- 
t r a c t e d  with hot  water and the  aqueous e x t r a c t  i s  t i t r a t e d  with potassium 
hydroxide so lu t ion ,  using methyl orange as an ind ica tor .  Calculate and re- 
po r t  ac id  o r  base number as the  number of milligrams of potassium hydroxide 
t o  neu t r a l i ze  1.0 g. of t he  sample. 

a s m a l l  

26. Neut ra l iza t ion  Number by Potentiometric T i t r a t i o n  

Spec i f ica t ion :  Federal Test Method Standard No, 791a, Method 5106,4 
ASTM D-664-58 

This method describes procedures f o r  the determination of ac id i c  
o r  bas ic  cons t i t uen t s  i n  petroleum products and lubr icants .  The method 
resolves these  cons t i t uen t s  i n t o  groups, having weak a c i d ,  s t rong  ac id ,  
weak base, and s t rong  base ion iza t ion  proper t ies ,  provided the disassocia- 
t i o n  constants of the  more s t rongly  ac id i c  o r  bas ic  compounds are a t  l e a s t  
1,000 times t h a t  of the  next weaker groups. 

A sample is  dissolved i n  a mixture of toluene and isopropyl alcohol 
containing a s m a l l  amount of water and t i t r a t e d  potentiometrically with 
a lcohol ic  potassium hydroxide and hydrochloric ac id  so lu t ion ,  using a g l a s s  
ind ica t ing  e lec t rode  and a calomel reference e lec t rode ,  The m e t e r  readings 
a r e  p lo t t ed  aga ins t  t h e  respec t ive  volumes of t i t r a t i n g  so lu t ions  and the 
end poin ts  a r e  taken a t  the  i n f l e c t i o n  point i n  the  r e s u l t i n g  curve. 

27. Sulfur (Bomb Method) 

Spec i f ica t ion :  Federal Test Method Standard No. 791a, Method 
5202.11, ASTM D-129-62 

This method describes the  procedure f o r  the determination of  
s u l f u r  i n  petroleum products t h a t  cannot be burned completely i n  a wick 
lamp. The method is  appl icable  t o  any petroleum product s u f f i c i e n t l y  l a w  
i n  v o l a t i l i t y  t h a t  it can be weighed accura te ly  i n  an open sample boat and 
containing a t  least 0.1% su l fu r .  

The sample i s  oxidixcdby complete combustion i n  a bomb contain- 
ing oxygen under pressure. The s u l f u r ,  as a s u l f a t e  i n  the  bomb washings, 
i s  determined gravimet r ica l ly  as barium su l f a t e .  The r e s u l t s  a r e  reported 
as s u l f u r  percent by weight. 
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Prec is ion:  Duplicate  r e s u l t s  should n o t  be considered suspec t  
un less  they d i f f e r  by more than  t h e  fol lowing amounts: 

Su l fu r  (% by weight)  Repea tab i l i t y  Reproducib i l i ty  

0.1-0.5 
0.5-1.0 
1.0-1.5 
1.5-2.0 
2,O-5.0 

0.04 
0.06' 
0.08 
0.12 
0.18 

0.05 
0.09 
0.15 
0.25 
0.27 

28. Corrosion T e s t  a t  232°C (450°F) 

Spec i f i ca t ion :  Federa l  T e s t  Method Standard No. 791a, Method 5305 

This  method i s  used f o r  determining t h e  co r ros ive  tendencies  of 
l u b r i c a n t s  a t  high temperatures.  

A prepared s i lver  s t r i p  and a prepared copper s t r i p  are immersed 
i n  two samples of the  l u b r i c a n t  and hea ted  t o  232°C (450°F) f o r  50 hr .  The 
s t r i p s  are then  removed, washed, and weighed and any change of weight i s  
recorded. The r e s u l t s  are then r epor t ed  as t h e  average change i n  weight  
p e r  square inch  of t he  two s t r i p s .  

P rec i s ion :  Resul t s  should not  d i f f e r  by more than  t h e  fol lowing 
amounts : 

Average Change (mg/sq. in.)  R e  pea t ab  i 1 i t y  Reproducib i l i ty  

0-3 
above 3 

0.3 mg/sq. in .  0.6 mg/sq. in .  
10% 20% 

29. Corrosiveness  and Oxidation S t a b i l i t y  of Light O i l s  (Metal S t r i p )  

Spec i f i ca t ion :  Federa l  T e s t  Method Standard No. 791a, Method 5308.5 

This method i s  used f o r  t e s t i n g  hydraul ic  o i l s  (and similar, h ighly  
r e f i n e d ,  l i g h t  o i l s )  t o  determine t h e i r  a b i l i t y  t o  res is t  ox ida t ion  and t h e i r  
tendency t o  corrode va r ious  m e t a l s .  

Five d i f f e r e n t  m e t a l  s t r i p s  (one each of copper,  s t e e l ,  aluminum 
a l l o y ,  magnesium a l l o y ,  and cadmium-plated s tee l )  are immersed i n  a sample 
of  t h e  o i l  and heated a t  121°C (250°F) f o r  168 hr. wh i l e  a i r  i s  bubbled 
through. The s t r i p s  are then removed and weighed and t h e  r e s u l t s  recorded 
as change i n  weight pe r  square inch. Each s t r i p  i s  examined f o r  any evidence 
of  p i t t i n g  o r  e t ch ing  o r  s t a i n s .  The o i l  sample i s  examined before  and 
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a f t e r  the test  f o r  n e u t r a l i z a t i o n  number (Federal T e s t  Method 5105 o r  5106) 
and f o r  v i s c o s i t y  (Federal T e s t  Method 305, ASTM D-445) and the  percent of 
change of each i s  determined. 

30. Copper Corrosion by Petroleum Products (Copper S t r i p  T e s t )  

Spec i f ica t ion :  Federal T e s t  Method Standard No. 791a, Methods 
5316 and 5325.2, ASTM D-130-56 

This method describes procedures f o r  t he  de t ec t ion  of tihe cor- 
rosiveness t o  copper of fue l s ,  gasolines,  c leaners ,  f u e l  o i l s ,  and other 
petroleum products. 

A polished copper s t r i p  i s  immersed i n  a given quantity of the 
sample and heated a t  a temperature and f o r  a time c h a r a c t e r i s t i c  of the  
material being tes ted .  A t  t he  end of the  period, t he  copper s t r i p  i s  re- 
moved and compared with the  ASTM copper s t r i p  corrosion standards. The 
r e s u l t s  are reported as the  c l a s s  of corrosion the  s t r i p  f a l l s  in to .  

31. Lead Corrosion Test 

Spec i f ica t ion :  Federal T e s t  Method Standard No. 791a, Method 
5321.1 

This method i s  used f o r  measuring the  corrosiveness of l ub r i ca t ing  
o i l s  on lead i n  the  presence of a copper ca t a lys t .  

A p a n e l o f l e a d  and a panel of copper are attached t o  a stirrer 
a f t e r  polishing and weighing. The stirrer is  immersed i n  a sample of the  
lub r i ca t ing  o i l  which i s  heated t o  163°C ~f: 1°C (325°F -I 2°F). The plates 
are ro t a t ed  at 650 rpm f o r  60 hr .  while a i r  i s  bubbled through the  o i l .  
The lead panel i s  then weighed and any change i n  weight i s  recorded i n  
milligrams p e r  square inch of surface area. 

Prec i s  ion  : 

Weight Change (mg/sq.  in.) Repeatabil i ty Reproducibility 

0-10 
above 10 

1 mg/sq. i n .  2 mg/sq. in ,  
10% of average 20% of average 

32 Moisture Corrosion Charac t e r i s t i c s  of Gear Lubricants 

Spec i f ica t ion :  Federal T e s t  Method Standard No. 791a, Method 5326 

This method is  used t o  determine the  corrosion preventive proper t ies  
of gear lubr icants .  It dupl ica tes  normal se rv ice  conditions wherein moisture 



condenses on the  m e t a l  p a r t s  during c y c l i c  ambient temperatures. The 
procedure can be used on new o r  used o i l  samples. 

The sample and a small amount of water are placed i n  a d i f f e r e n t i a l  
assembly t e s t  u n i t  w i th  a prepared cover p l a t e .  
82°C (180°F) and operated a t  2500 rpm f o r  4 hr .  The u n i t  i s  then stopped 
and placed i n  a s torage  box a t  52°C t- 1 ° C  (125'F & 2°F) f o r  a s t i p u l a t e d  
t i m e  ( e i t h e r  1 day o r  7 days).  The u n i t  i s  disassembled and examined f o r  
evidence of corrosion.  

The u n i t  is maintained a t  

33. Saponi f ica t ion  Number (Color Indica tor  T i t r a t i o n )  

Spec i f i ca t ion :  Federal  T e s t  Method Standard No. 791a, Method 
5401.8, ASTM D-94-62 

This method of t e s t  intended f o r  determining t h e  amount of con- 
s t i t u e n t s  i n  petroleum products t h a t  w i l l  e a s i l y  saponify under the  condi- 
t i o n s  of t he  tes t .  The sapon i f i ca t ion  number of an  o i l  i s  the  number of 
mil l igrams of potassium hydroxide which i s  consumed by 1 g. of o i l  under 
the  condi t ions  of t he  test ,  

A weighed sample of the o i l ,  d issolved i n  methylethylketone, wi th  
a measured quan t i ty  of a s tandard a l coho l i c  s o l u t i o n  of KOH, i s  heated. The 
amount of unconsumed KOH i s  determined a f t e r  hea t ing  by t i t r a t i o n  wi th  a 
s tandard so lu t ion  of HC1. The KOH consumed is  ca l cu la t ed  and divided by the  
weight of the  sample .  

Prec is ion:  With care, determinat ion by d i f f e r e n t  operators  should 
agree  wi th in  -F. 0.5 sapon i f i ca t ion  numbers f o r  values  less than 5.0, and 
wi th in  2 0.7 sapon i f i ca t ion  numbers f o r  values  above 5,O. 

34. Ash Content 

Spec i f i ca t ion :  Federal  T e s t  Method Standard No., 791a, 5421.4 
ASTM D-482-63 

This method descr ibes  a procedure f o r  determining t h e  ash  from 
d i s t i l l a t e  and r e s i d u a l  o i l s ,  crude o i l s ,  l u b r i c a t i n g  o i l s ,  waxes, and 
o ther  petroleum products,  i n  which any ash-forming materials present  are 
normally considered t o  be undesirable  impur i t ies  o r  contaminants. The 
method i s  l imi ted  t o  products which are f r e e  from added ash-forming addi- 
tives. 

Ameasured sample of t h e  product i s  placed i n  a s u i t a b l e  d i s h  and 
The carbona- i g n i t e d  and allowed t o  burn u n t i l  only a sh  and carbon remain. 

ceous r e s idue  i s  reduced t o  ash  by hea t ing  i n  a muff le  furnace a t  775°C 
(1427'F), cooled i n  a dess i ca to r ,  and weighed. 
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Precision: The following da ta  should be used f o r  judging the  
accep tab i l i t y  of r e s u l t s .  Results should no t  be considered suspect unless 
they d i f f e r  by the  following amounts: 

Ash (z) Repea tab i 1 i ty  Re p r  oduc i b  i Lity 

0.0-0.15 0.003 0.005 

35, Sulfated Residue (New Lubricating Oils)  

Spec i f ica t ion :  Federal T e s t  Method Standard No. 791a, Method 
5422.3, ASTM D-874-63 

This method describes a procedure f o r  determining the  su l f a t ed  
a s h  from unused lub r i ca t ing  o i l s  containing add i t ives  and from add i t ive  
concentrates used i n  compounding. These addi t ives  usua l ly  conta in  one 
o r  more of the  following metals : barium, calcium, magnesium, z inc ,  potassium, 
sodium, and t i n .  They may be i n  combination wi th  one o r  more of the  ele- 
ments s u l f u r ,  phosphorus, and chlorine.  The su l f a t ed  ash  may be used t o  
ind ica t e  the  concentration of add i t ives  i n  new o i l s .  

A sample i s  ign i t ed  and burned u n t i l  only a sh  and carbon remaino 
Af ter  cooling, t he  charred ash  i s  t r ea t ed  with s u l f u r i c  ac id  and heated a t  
550°C (1022°F) u n t i l  t heox ida t ion  of the carbon i s  near ly  complete. The 
ash  i s  then cooled, r e t r e a t e d  with s u l f u r i c  ac id ,  heated a t  775°C (1427°F) 
and weighed. 

Precision: The following da ta  should be used f o r  judging the 
accep tab i l i t y  of r e s u l t s .  Results should be considered suspect unless they 
d i f f e r  by more than the  following amounts: 

Sulfated Ash (z) Repeatabil i ty Reproducibility 

0-1 
over 1 

0.04 
0.06 

4% of the  mean 
6% of the mean 

36. Metals i n  Lubricating O i l s  

Spec i f ica t ion :  Federal T e s t  Method Standard No. 791a, Method 
5601.1, ASTM D-811-48 

This method describes the  procedures intended fo r  the  determina- 

Other me ta l l i c  elements-- 
t i o n  of barium, t i n ,  s i l i c a ,  z inc ,  aluminum, calcium, magnesium, sodium, 
and potassium i n  new and used lub r i ca t ing  o i l s .  
s u l f u r ,  phosphorus, and ch lor ine  i n  amounts commonly found i n  lub r i ca t ing  
oils--do not i n t e r f e r e  i n  t h i s  method. 
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The a n a l y t i c a l  procedures fol low t h e  w e l l  known scheme of 
sepa ra t ing  the  m e t a l s  i n t o  groups f o r  more convenient determinat ion.  This 
scheme provides  a r a p i d  and accu ra t e  method f o r  the de termina t ion  of a l l ,  
several, o r  any one of t h e  metals as may be seen  necessary  from an i n i t i a l  
q u a l i t a t i v e  in spec t ion  of t he  o i l  sample. 

37. Chlorine i n  Lubr ica t ing  O i l s  (Bomb Method) 

Spec i f i ca t ion :  Federa l  T e s t  Method Standard No. 791a, Method 
5651.4, ASTM D-808-63 

This method covers  t he  de te rmina t ion  of  c h l o r i n e  i n  l u b r i c a t i n g  
o i l s  and greases ,  inc luding  new and used l u b r i c a t i n g  o i l s  and greases  con- 
t a i n i n g  a d d i t i v e s ,  and i n  a d d i t i v e  concent ra tes .  I t s  range of a p p l i c a b i l i t y  
i s  0.1-50% ch lo r ine .  

A s m a l l  sample  i s  oxidized by combustion i n  a bomb con ta in ing  
oxygen under pressure.  The c h l o r i n e  compounds thus  l i b e r a t e d  are absorbed 
i n  a sodium carbonate  s o l u t i o n  and the  amount of c h l o r i n e  p re sen t  i s  d e t e r -  
mined g rav ime t r i ca l ly  by p r e c i p i t a t i o n  as silver ch lo r ide .  

P rec i s ion :  The fol lowing c r i t e r i a  should be used f o r  judging t h e  
a c c e p t a b i l i t y  of r e s u l t s .  Resul t s  should no t  be considered suspec t  un less  
they  d i f f e r  by more than  t h e  fol lowing amounts: 

Range of Chlor ine Content (%) Repea tab i l i t y  Reproducib i l i ty  

o i l  - 2 exc lus ive  0.07 0.10 
2-5 i n c l u s i v e  0.15 0.30 
above 5 3% of amount 5% of amount 

p re sen t  p re sen t  
* 

38. _Phosphorus i n  Lubricat ing O i l s  - 

Spec i f i ca t ion :  Federal  T e s t  Method Standard No. 791a, Method 
5661.4, ASTM D-1091-58T 

TElese methods are app l i cab le  t o  the  determinat ion of phosphorus 
i n  unused l u b r i c a t i n g  o i l s ,  l u b r i c a t i n g  o i l  a d d i t i v e s ,  and t h e i r  concent ra tes .  
The methods are n o t  r e s t r i c t e d  w i t h  r e s p e c t  t o  t h e  type of phosphorus com- 
pounds t h a t  may be p re sen t  s i n c e  a l l  are q u a n t i t a t i v e l y  converted t o  an 
aqueous s o l u t i o n  of  orthophosphate ion by ox ida t ion  of t h e  sample dur ing  the  
course  of ana lys i s .  

The organic m a t e r i a l  i n  t h e  sample i s  removed and the  phosphorus 
is  Converted t o  phosphate ion  by ox ida t ion  w i t h  s u l f u r i c  ac id ,  n i t r i c  a c i d ,  

I3 I V -  B- 1 7  



and hydrogen peroxide. One of two procedures i s  then followed: 
m e t r i c  method o r  t he  gravimetric method. 
where the  phosphorus 
met r ic  method f o r  phosphorus contents of 2% o r  over. 

t he  photo- 
The photometric method i s  used 

content i s  estimated t o  be under 2%, and the  gravi- 

39. Load Carrying Capacity (Mean Hertz Load) 

Spec i f ica t ion :  Federal T e s t  Method Standard No. 791a, Method 
6503.1 

This method describes a procedure f o r  determining the  load carry- 
i ng  a b i l i t y  o f a l u b r i c a n t  under extremely high pressure. 

A sample of the  lubr icant  (500 m l . ) ,  e i t h e r  grease o r  o i l ,  is  
placed i n  the b a l l  pot of a Shel l  Four B a l l  Extreme Pressure Tester. 
1 / 2  in. s teel  bearing b a l l s  are held s t a t iona ry  i n  the  b a l l  pot and im- 
mersed i n  the  lubr icant .  
which a t h r u s t  load i s  applied and ro t a t ed  a t  1800 rpm agains t  the  three  
s t a t iona ry  b a l l s .  The bearing t h r u s t  load of 40 kg. i s  increased i n  5 kg. 
increments u n t i l  welding occurs. Welding i s  indicated by a sharp t raverse  
movement of t he  ind ica tor  pen s igni fy ing  momentary locking of the  four 
b a l l s .  The mean loads are ca lcu la ted  from the  s i z e s  of the  sca r s  produced. 

Three 

A four th  b a l l  i s  mounted i n  a r o t a t i n g  chuck t o  

40. Load Carrying, Wear, and Extreme Pressure Charac t e r i s t i c s  of Gear 
Lubricants i n  Axles Under High Speed, Low-Torque Operation, 
Followed by Low-Speed, High-Torque Operation 

Spec i f ica t ion :  Federal T e s t  Method Standard No. 79Pa, Method 6506 

This method i s  used f o r  determining the  load carrying, w e a r  and 
extreme pressure c h a r a c t e r i s t i c s  of gear lubr icant  i n  ax les  under condi- 
t i ons  ofhigh-speed, law-torque, and low-speed, high-torque operation, using 
a s i n g l e  set of gears. 

A sample of the o i l  i s  placed i n  a t e s t  assembly of a hypoid r e a r  
axle carrier. 
1,069 N m. (9,460 lb-in) and, with the  lubr icant  a t  149°C (300°F) f o r  100 
min., f o r  the high-speed, low-torque test. The apparatus i s  then examined 
( s t i l l  i n t a c t )  f o r  corrosion. The assembly i s  then dr iven  a t  80 rpm with 
a torque of 4,723 N m, (41,800 lb-in) and with t h e  lub r i can t  a t  135OC (275°F) 
f o r  24 hr .  The apparatus i s  then disassembled and examined f o r  wear, cor- 
rosion, depos i t s ,  d i sco lora t ion ,  r u s t ,  f a t igue ,  sc ra tches ,  burnishing, e t c .  

The assembly i s  then driven a t  445 rpm wi th  a torque of 
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41. Load Carrying and Extreme Pressure  C h a r a c t e r i s t i c s  of  Gear 
Lubricants  i n  Axles Under Conditions of  High Speed and 
Shock Loading 

Spec i f i ca t ion :  Federa l  T e s t  Method Standard No. 791a, Method 6507 

This  method 
gear  l u b r i c a n t s  under 

A sample of 
Model 44-1 rear axle, 
made be fo re  t e s t i n g .  

i s  used f o r  de temFning  the a n t i s c o r i n g  p r o p e r t i e s  of 
h igh  speed and shock condi t ions .  

t h e  l u b r i c a n t  i s  placed i n  a tes t  assembly of a Spicer  
47 t o  12 r a t i o .  
The appara tus  i s  then operated beginning a t  99°C 

An examination of t h e  gea r  t e e t h  i s  

(200°F). Lubricant  temperature  whi le  t h e  axle speed is  acce le ra t ed  from 
550-1,100 rpm and then  dece le ra t ed  t o  550 rpm f o r  5 cyc le s  wi th  i n e r t i a  
to rque  only.  Without disassembling,  t h e  na ture ,  e x t e n t  and l o c a t i o n  of t h e  
d r i v e  and c o a s t  c o n t a c t  areas are observed and recorded. 
a t  138°C (280°F) l u b r i c a n t  temperature ,  the  appara tus  i s  operated wi th  a 
178 N m. (131 f t / l b )  torque on each axle w h i l e  t h e  speed i s  a c c e l e r a t e d  
r a p i d l y  from 550-650 rpm and dece le ra t ed  r a p i d l y  t o  550 rpm f o r  10 cycles .  
The appara tus  i s  disassembled and t h e  na tu re ,  e x t e n t  and l o c a t i o n  of d r i v e  
and c o a s t  c o n t a c t  areas are noted and any d i s tu rbances  t o  t h e  r i n g  gear  
t o o t h  fo rces ,  

Then, beginning 

42. Load Carryin9 A b i l i t y  of Lubr ica t ing  O i l s  (Ryder Gear Machine) 

Spec i f i ca t ion :  Federa l  T e s t  Method Standard No. 791a, Method 6508 

This method desc r ibes  a procedure f o r  determining t h e  load ca r ry -  
i n g  a b i l i t y  of l u b r i c a t i n g  o i l s  w i t h  r e s p e c t  t o  gears .  

Two special  t e s t  gears  are mounted i n  a Ryder Gear-Erdco Universal  
Tester. The test  o i l  i s  heated t o  74°C (165'F) and t h e  gears  r o t a t e d  a t  
10,000 rpm i n  cyc le s  of 10 min. each w i t h  uniform inc reases  i n  gear  load 
f o r  each cycle .  The gears  are examined f o r  s c u f f i n g  a t  t h e  end of each 
cycle .  
i s  observed. The load ca r ry ing  a b i l i t y  i s  t h a t  gear  t oo th  load which 
produces an average gear  t o o t h  s c u f f i n g  of 22.5% of fo rce  areas. Resul t s  
are repor ted  as t h e  percent  of load ca r ry ing  a b i l i t y  of t h e  test  o i l  t o  a 
r e fe rence  o i l .  

The cyc le s  are continued u n t i l  a p r e s e t  percent  of gea r  t oo th  scu f€ ing  

P rec i s  ion  : 

R e p r a t a b i l i t y :  Rela t ive  readings should n o t  d i f f e r  from t h e i r  
mean by more than  10%. 

Reproducib i l i ty :  Relative readings  should n o t  d i f f e r  from 
t h e i r  mean by more than  5%. 
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43. Gear Fatigue Character is t ics  of Ai rcraf t  Gas Turbine Lubricants 
a t  204°C (400°F) 

Specification: Federal T e s t  Method Standard No. 791a, Method 6509 

This method describes a procedure for  determining the fat igue 
charac te r i s t ics  of a i r c r a f t  gas turbine engine lubricants  a t  204°C (400'F) 
with respect t o  gears. 

Two spec ia l  t e s t  gears are mounted i n  a WADD High-Temperature Gear 
Machine adapted t o  a modified Ryder Gear-Erdco Universal dr ive system. 
t e s t  o i l  i s  heated t o  204°C (400°F) and the gears rotated a t  10,000 rpm i n  
10 min. cycles with uniform increases i n  load a t  each cycle. A t  the  end 
of each cycle the gears are examined f o r  scuffing. When a predetermined 
maximum load i s  reached, the  cycle duration i s  increased t o  2 hr. a t  con- 
s t a n t  load. 
velopment of fa t igue p i t s  which are large enough t o  be readi ly  discernible  
t o  the  eye. 

The 

A t  the end of each cycle, the gears are then observed for  de- 

Results a r e  reported as the percent of load carrying a b i l i t y  with 
respect t o  a reference o i l  of the t e s t  o i l  and the r a t ing  of each fatigue 
cycle i n  terms of the number of fa t igue p i t s .  

44. Load Carrying Abil i ty  of Lubricating O i l s  a t  204°C (400°F) 

Specification: Federal T e s t  Method Standard No. 791a, Method 6511 

This method describes a procedure fo r  determining the load carrying 
a b i l i t y  of lubricat ing o i l s  a t  204°C (400'F) with respect t o  gears. 

Two special  t e s t  gears are mounted i n  a WADD High-Temperature 
Gear Machine adapted t o  a modified Ryder Gear-Erdco Universal dr ive system. 
The test  o i l  i s  heated t o  240'C (400°F) and the gears rotated a t  10,000 rpm 
i n  cycles of 10 min. with uniform increases i n  gear load fo r  each cycle. 
The cycles a re  continued u n t i l  a s e t  percentage of gear tooth force scuffing 
i s  observed. The load carrying a b i l i t y  i s  ehat gear tooth load which 
produces an average gear tooth scuffing of 22.5%. 
as the percent of load carrying capacity of the test  o i l  t o  a reference o i l .  

Results are reported 

45. Viscosity Index (Calculation) 

Specification: Federal T e s t  Method Standard No. 791a, Method 9111.2 
ASTM D-567-53 

This method gives the necessary equations and tables  f o r  the cal- 
culat ion of the viscosi ty  index of a petroleum product o r  lubricant from i t s  
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viscos i ty  a t  38°C (100°F) and 99°C (210°F). This method provides tables  
f o r  o i l s  with v i s c o s i t i e s  a t  99°C (210°F) between the  values of 2.0 and 
75.0 x lom6 mz/sec (centistokes) . Equations are provided f o r  ca lcu la t ing  
basic  values f o r  o i l s  having v i s c o s i t i e s  a t  99°C (210°F) below 2.0 x 10-6 
m2/sec (centistokes) o r  above 0.00163 m2/sec (350 sec.) , Saybolt Universal 
a t  99°C (210°F). 

The v iscos i ty  index i s  an empirical numbef indicat ing the e f f e c t  
of change of temperatures on the v iscos i ty  of an o i l .  
s i g n i f i e s  r e l a t i v e l y  large change of v i scos i ty  with temperature. 

A low v iscos i ty  index 

B.11 Test Methods f o r  Lubricating Greases 

1. Apparent Viscosity of Lubricating Greases- 

Specification: Federal T e s t  Method Standard No. 791a, Method 306.4 
AS'IIM D-1092-62 

This method describes a procedure f o r  measuring, i n  poises, the 
apparent v i scos i ty  of lubricat ing greases i n  the temperature range of -54°C 
t o  38°C (-65°F t o  100°F). Measurements are limited t o  the range of 2.5 
t o  10,000 N-sec/mz (25 t o  100,000 poises) a t  10 reciprocal  seconds, and 
0.1 t o  10 N-sec/m2 (1 t o  100 poises) a t  15,000 reciprocal  seconds. 

A grease sample i s  forced through a c a p i l l a r y  by means of a f l o a t -  
ing  pis ton actuated by a hydraulic system. 
flow and the force i n  the  system, the apparent v i scos i ty  i s  calculated by 
means of P o i s e u i l l e ' s  equation. 
d i f f e r e n t  shear r a t e s  by use of two pump speeds and e ight  s i z e s  of capi l -  
laries. The r e s u l t s  are expressed by a log p lo t  of apparent v i scos i ty  
versus shear ra te .  

From a predetermined rate of 

The apparent v i scos i ty  i s  determined a t  16 

Precision: The following da ta  should be used f o r  judging the 
acceptab i l i ty  of resu l t s .  Results should be considered suspect i f  they 
d i f f e r  by more than the following: 

Sample Temperature 

Smooth, NLGI 2 

Smooth, N L G I  2 

Fibrous, NLGI 1 

Viscous, NLGI 1 

Deister o i l  -54°C (-65°F) 

SAE 20 o i l  25°C (77°F) 

SAE 20 o i l  25°C (77°F) 

SAE 90 o i l  25°C (77°F) 

Percent of Mean 
Re peatab i 1 i t y  Reproducibility 

7 12 

6 19 

6 23 

7 30 
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2. Penetration of Lubricating Grease 

Specification: Federal T e s t  Method Standard No, 791a, Method 311.6 
ASltM D-217-60T 

This method describes three test  procedures f o r  measuring the 
consistency o f lub r i ca t inggrease  by penetration of a standard cone. 
method includes procedures f o r  the measurement of worked, unworked and 
block penetrations. 

This 

Penetrations, measured i n  tenths of a mill imeter,  are determined 
a t  25°C (77°F) by releasing a standard cone assembly and allowing the 
cone t o  drop in to  the grease for  5 sec. Worked penetrations are determined 
immediately a f t e r  working the sample for  60 strokes i n  a standard grease 
worker. Unworked penetrations are determined on the sample as received. 
Block penetrations are determined on a freshly prepared face of a cube cu t  
from a block of grease with a standard cu t te r .  

Precision: Two r e s u l t s  should not  be considered suspect unless 
they d i f f e r  more than the following amounts: 

Worked Unworked Block 

Penetration range (0.1 mm.) 
Original penetrometer cone 130-400 85-400 Under 85 
Alternate penetrometer cone 130-475 85-475 Under 85 

Repeatabil i ty 
Re produc i b  i 1 i ty  

7 Units 9 Units 3 Units 
15 Units 18 Units 7 Units 

.3 ~ 

Penetration of Lubricating Greases After Mechanical Working 

Specification: Federal T e s t  Method Standard No. 791a, Method 
313.2 

This method i s  used for  determining the consistency of lubricat ing 
greases t h a t  have been subjected t o  severe mechanical working. 
i s  placed i n  a grease working machine and worked fo r  100,000 double strokes 
a t  60 double strokes per minute. A standard cone penetration test ,  as 
described i n  ASTM D-217-60T and Federal Standard Test 311,6, i s  made on the 
worked sample. 

The sample 

Penetration, measured i n  tenths of a mill imeter,  i s  determined a t  
25°C (77°F) by releasing a standard cone assembly and allowing the cone t o  
drop in to  the grease fo r  5 see. 



4. O i l  Separa t ion  from Lubr ica t ing  Grease ( S t a t i c  Technique) 

Spec i f i ca t ion :  Federa l  T e s t  Method Standard No. 791a, Method 
321.2 

This method i s  used f o r  determining t h e  tendency of t h e  o i l  i n  
l u b r i c a t i n g  grease  t o  sepa ra t e  a t  e l eva ted  temperature.  

Ameasured sample (10 g.) of t h e  grease  i s  placed i n  a n i c k e l  
w i r e  gauze cone (60 mesh) under s t a t i c  condi t ions  f o r  t he  t i m e  and tempera- 
t u r e  s p e c i f i e d  (usua l ly  30 hr .  a t  100°C (212°F) and then  determining t h e  
percentage by weight of t h e  o i l  d ra ined  through t h e  cone. 

5. Oil Separa t ion  from Lubr ica t ing  Grease During Storage ( A i r  
Pressure  Technique) 

Spec i f i ca t ion :  Federa l  Tes t  Method Standard No. 791a, Method 322.2 
ASTM D-1742-60 

This method desc r ibes  a procedure f o r  determining the  tendency of 
l u b r i c a t i n g  grease  t o  sepa ra t e  o i l  dur ing  s to rage  i n  both convent ional  and 
c r a t e r e d  conta iners .  
than  N L G I  No. 1 cons is tency ,  because of a tendency f o r  t h e  grease  t o  seep 
through t h e  screen.  It does no t  p r e d i c t  t he  s t a b i l i t y  of g rease  under 
dynamic condi t ions .  

This  method i s n o t  s u i t a b l e  f o r  use w i t h  greases  s o f t e r  

A sample of grease  i s  placed on a No. 200 sieve and subjec ted  t o  
1,723 N/m2 (0.25 p s i )  air  p res su re  f o r  24 hr .  a t  25°C (77°F). 
seepage which occurs d r a i n s  i n t o  a beaker and i s  weighed. The r e s u l t s  are 
r epor t ed  as the  percentage weight  of t h e  o i l  separa ted .  

Any o i l  

6. Performance C h a r a c t e r i s t i c s  of Lubr ica t ing  Greases i n  A n t i f r i c t i o n  
Bearings a t  Elevated Temperatures 

Spec i f i ca t ion :  Federa l  T e s t  Method Standard No. 791a, Method 331.1 

This  method i s  used f o r  determining t h e  l u b r i c a t i n g  a b i l i t y  of 
greases  i n  a n t i f r i c t i o n  bear ings  under axial  and r a d i a l  loads t o  wi ths tand  
e l eva ted  temperatures.  

A sample of test: grease  (3.0 g.) i s  packed i n  a No. 204K b a l l  
bear ing;  t h e  bear ing  then  mounted on t h e  t e s t  s p i n d l e  and i n s t a l l e d  i n  
t h e  t e s t  f i x t u r e  w i t h  t h e  s p e c i f i e d  r a d i a l  13.44 N (3 lb , )  and t h r u s t  
22.40 N (5 lb.) bea r ing  loads.  The tes t  f i x t u r e  is  i n s t a l l e d  i n  a n  oven 
a t  a s p e c i f i e d  temperature,  and the  s p i n d l e  and bear ing  i n n e r  race are 
r o t a t e d  a t  10,000 rpm. The bea r ing  is  inspec ted  f o r  wear and grease  leakage 
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a t  20 hr. in te rva ls  f o r  a specif ied time o r  u n t i l  fa i lure .  Fai lure  i s  
indicated by: 
load switch, locking of bearing and b e l t  slippage a t  s ta r tup ,  and by ex- 
cessive grease leakage indicated by grease on face of bearing housing. 

increase i n  f r i c t i o n a l  torque su f f i c i en t  t o  t r i p  motor over- 

7, Functional Life of Ball Bearing Grease 

Specification: ASTM D-1741-60T 

This method provides two procedures fo r  evaluating the functional 
l i f e  of b a l l  bearing greases when tes ted  under prescribed laboratory condi- 
t ions.  
t o  greases fo r  operating temperatures up t o  125°C (257°F). 

It i s  not the equivalent of long time service tests and is  l imited 

Procedure A - Performance l i fe ,  including leakage evaluation. 
Two No. 30BC03406 b a l l  bearings are cleaned and packed with the sample 
grease and placed i n  the sha f t  of a special  belt-driven grease t e s t e r  
equipped with a thermostat controlled heater. The grease t e s t e r  end caps 
are f i l l e d  with grease and the un i t  assembled. The tester i s  operated a t  
3,500 rpm and 125OC (257°F) f o r  20 hr,  and then stopped fo r  4 h r ,  and the 
cycle repeated u n t i l  lubricant f a i l u r e  occurs. 
"in-the-f ield" grease-gun bearing lubrication. 

This procedure simulated 

Procedure B - Performance l i f e  alone. This i s  the same as Procedure 
A above except only one-third of the bearing b a l l  space i s  packed with grease 
and no grease is  packed i n  the housing. 
packed" bearings applications.  

This procedure simulated "factory- 

Grease f a i l u r e  may be considered t o  occur by one of the following 
conditions; s t a l l i n g  of motor during operation, s t a l l i n g  of motor during 
restart a f t e r  shutdown, temperature rise of 10°C (18°F) and by an increase 
i n  noise level l a s t ing  more than 10 min. 

The r e s u l t s  are reported as tes t  conditions, type of f a i lu re ,  
bearing inspec t ionaf te r  test, and grease leaking. 

8. Low Temperature Torque of B a l l  Bearing Greases 

Specifications:  Federal T e s t  Method Standard No. 791a, Method 
ASTN D-1478-63 

This method determines the extent  t o  which a low temperature 
grease re ta rds  the ro ta t ion  of a slow speed b a l l  bearing when subjected t o  
subzero temperature. 
cha rac t e r i s t i c s  a t  -54°C (-65°F) and may not  be applicable t o  other greases, 
speeds, or  temperatures. 

The method employs grease of extremely low torque 
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A No. 204 b a l l  bear ing  i s  packed completely f u l l  of t h e  test  g rease  
and cleaned f l u s h  wi th  t h e  s ides .  
temperature is lowered t o  -54OC (-65OF) and he ld  f o r  2 hr. A t  t h e  end of 
t h i s  time, t h e  inne r  r i n g  of t h e  bear ing  is r o t a t e d  a t  1 rpm and the re- 
t a i n i n g  f o r c e  on t h e  o u t e r  r i n g  is determined. The s t a r t i n g  and running 
torques  i n  grams-centimeters are computed and recorded. 

The bear ing  remains s t a t i o n a r y  whi le  i ts 

Prec is ion:  Resul t s  should be  considered suspec t  i f  they d i f f e r  
by more than  t h e  fol lowing amounts. 

Percent  of Mean 
Repea tab i l i t y  Reproducib i l i ty  

S t a r t i n g  torque  
Running torque  

15.0 
35.0 

50 
73 

9. Gear Wear 

Spec i f i ca t ion :  Federal  T e s t  Method Standard No. 791a, Method 335.1 

This method desc r ibes  a procedure f o r  determining t h e  relative 
l u b r i c i t y  of grease .  

A set of s p e c i a l  test gears  of known w e a r  p r o p e r t i e s ,  b ra s s  and 
steel, are l u b r i c a t e d  wi th  t h e  test grease  and mounted i n  t h e  tester. The 
b ras s  gear  is  dr iven  by an  o s c i l l a t i n g  d r i v e  mechanism and d r i v e s  t h e  steel 
gear  which is  torque loaded by suspended weight. A f t e r  t he  test ,  t h e  l o s s  
of weight of t h e  b r a s s  gear  is determined. The r e s u l t s  are repor t ed  as t h e  
average l o s s  of weight p e r  1,000 cyc les .  

10. Evaporation Loss of Lubr ica t ing  Greases and O i l s  

Spec i f i ca t ion :  Federa l  T e s t  Method Standard No. 791a, Method 
351.2, ASTM D-972-56 

This  method desc r ibes  t h e  test procedure f o r  determining t h e  
evaporat ion l o s s  of l u b r i c a t i n g  greases  and o i l s  f o r  a p p l i c a t i o n s  where 
evaporat ion l o s s  is  a f a c t o r .  
temperature  i n  t h e  range  of 99OC t o  149OC (210°F t o  300OF). 

Evaporation l o s s  d a t a  can be obtained a t  any 

A measured sample is  placed i n  a s tandard  evaporat ion ce l l  and t h e  
ce l l  then placed i n  a ba th  maintained a t  t h e  d e s i r e d  temperature.  Heated 
air  is  passed through t h e  cel l  a t  a s tandard  rate f o r  22 h r .  
t i o n  l o s s  is c a l c u l a t e d  from t h e  weight l o s s  of t h e  sample. 

The evapora- 
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Prec is ion:  Resul t s  should n o t  d i f f e r  from t h e  mean by more than  
t h e  fol lowing amounts: 

Repea tab i l i t y  - 2.5% of mean 
Reproducib i l i ty  - 10% of mean. 

11. Dropping Poin t  of Lubr ica t ing  Grease 

Spec i f i ca t ion :  Federa l  T e s t  Method Standard No.791a, Method 
1421.1, ASTM D-566-42 

This method covers  t h e  procedure f o r  t h e  de te rmina t ion  of t h e  
ASTM-IP dropping po in t  of l u b r i c a t i n g  grease.  The dropping p o i n t  is t h a t  
temperature a t  which the  g rease  passes  from a semiso l id  s ta te  t o  a l i q u i d  
state under t h e  condi t ions  of test. 

A reproducib le  sample of g rease  is p laced  i n  a s p e c i f i e d  s tandard  
cup which has a s m a l l  c a l i b r a t e d  o r i f i c e  i n  the  bottom. The cup is  placed 
i n  a s p e c i a l  test tube wi th  a thermometer he ld  i n  t h e  grease  by a rubber 
s toppe r  i n  t h e  test tube.  The test tube assembly is placed i n  an o i l  ba th  
and t h e  ba th  i s  heated slowly i n  a prescr ibed  manner. The temperature  of 
t h e  g rease  and t h e  temperature  of  t h e  o i l  bath are recorded when a drop of  
g rease  pro t rudes  through t h e  h o l e  i n  the  bottom of t h e  s tandard  cup and drops 
i n t o  t h e  test tube.  The average of t h e  two temperatures is t h e  dropping po in t .  

P rec i s ion :  A s u f f i c i e n t  number of de te rmina tors  s h a l l  be  made s o  
t h a t  an average dev ia t ion  from t h e  mean is 1.5"C (3'F), o r  less. 
r e s u l t s  s o  obtained by d i f f e r e n t  ope ra to r s  wi th  d i f f e r e n t  appara tus  s h a l l  
agree  wi th in  3OC (6'F). 

The average 

1 2 .  Thermal S t a b i l i t y  of Greases 

Spec i f i ca t ion :  Federa l  T e s t  Method Standard No.  791a, Method 
2503.1 

This  method is  used f o r  providing a n  i n d i c a t i o n  of t h e  thermal 
s t a b i l i t y  of a g rease  i n  t h e  presence of steel. It c o n s i s t s  of hea t ing  a 
"sandwich" of test g rease  and two steel p l a t e s  i n  an oven a t  l0O'C (212'F) 
f o r  7 days, then checking v i s u a l l y  t h e  g rease  f o r  hardening, s e p a r a t i o n  or 
any o the r  changes except co lo r .  

13. D i r t  Content of Grease 

Spec i f i ca t ion :  Federa l  T e s t  Method Standard No. 791a, Method 
3005.3 
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T h i s  method is used f o r  de te rmining  t h e  s i z e  and c o n c e n t r a t i o n  
of f o r e i g n  p a r t i c l e s  i n  l u b r i c a t i n g  g r e a s e s .  

A known q u a n t i t y  of g r e a s e  is a p p l i e d  t o  a microscope s l i d e  and 
t h e  s l i d e  is examined under a microscope,  w i t h  an e y e p i e c e  micrometer ,  t o  
de te rmine  t h e  s i z e  and number of p a r t i c l e s  p r e s e n t .  R e s u l t s  are r e p o r t e d  
as t h e  number of p a r t i c l e s  p e r  c u b i c  centimeter of g r e a s e ,  f o r  t h r e e  groups 
of p a r t i c l e  s i z e ;  25-75 microns,  75-125 microns,  and t h o s e  o v e r  125 microns.  

14. E s t i m a t i o n  of D e l e t e r i o u s  P a r t i c l e s  i n  L u b r i c a t i n g  Grease 

S p e c i f i c a t i o n :  ASTM D-1404-56T 

T h i s  method d e s c r i b e s  a procedure  f o r  t h e  d e t e c t i o n  and estima- 
t i o n  of  d e l e t e r i o u s  p a r t i c l e s  i n  l u b r i c a t i n g  g r e a s e .  A d e l e t e r i o u s  p a r t i c l e  
by t h i s  method is one which w i l l  s c r a t c h  a p o l i s h e d  p l a s t i c  s u r f a c e .  

A s m a l l  sample of t h e  g r e a s e  is  p laced  between two c l e a n ,  h i g h l y  
p o l i s h e d  a c r y l a t e  p l a s t i c  p l a t e s  h e l d  r i g i d l y  and p a r a l l e l  t o  each o t h e r  
i n  metal h o l d e r s .  The assembly is p r e s s e d  t o g e t h e r ,  squeez ing  t h e  g r e a s e  
between t h e  p l a t e s  i n  a t h i n  l a y e r .  Any p a r t i c l e s  l a r g e r  t h a n  t h e  d i s t a n c e  
of s e p a r a t i o n  of t h e  p l a t e s  and h a r d e r  t h a n  p l a s t i c  w i l l  become imbedded 
i n  t h e  p l a s t i c  s u r f a c e s .  One p l a t e  i s  r o t a t e d  a t  30 d e g r e e s  w i t h  r e s p e c t  
t o  t h e  o t h e r ,  w h i l e  t h e  assembly i s  under p r e s s u r e .  The imbedded p a r t i c l e s  
w i l l  t h e n  form c h a r a c t e r i s t i c  arc-shaped s c r a t c h e s  on one o r  b o t h  p l a t e s .  
The s c r a t c h e s  are counted and t h e  number r e p o r t e d .  

15. Water R e s i s t a n c e  of L u b r i c a t i n g  Greases 

S p e c i f i c a t i o n :  F e d e r a l  T e s t  Method Standard  No. 791a, Method 
3252.3, ASTM D-1264-63 

T h i s  method is  i n t e n d e d  t o  e v a l u a t e  t h e  r e s i s t a n c e  of a l u b r i c a t i n g  
g r e a s e  t o  washout by water  from a b e a r i n g  when t e s t e d  a t  38°C (100°F) and 
79°C (175°F) under p r e s c r i b e d  l a b o r a t o r y  c o n d i t i o n s ,  b u t  is n o t  c o n s i d e r e d  
t h e  e q u i v a l e n t  of service e v a l u a t i o n  tests. 

A measured sample of t h e  g r e a s e  i s  packed i n  a s t a n d a r d  b a l l  bear-  
i n g ,  and t h e  b e a r i n g  a c c u r a t e l y  weighed and i n s e r t e d  i n  a hous ing  w i t h  
s p e c i f i e d  c l e a r a n c e s  and r o t a t e d  a t  600 zk 30 rpm. 
tempera ture ,  w a t e r  impinges on t h e  b e a r i n g  housing a t  a rate of 5 2 0.5 m l /  
sec. The amount of g r e a s e  washed o u t  i n  1 h r . ,  as determined by weight  
change, is a measure of t h e  r e s i s t a n c e  of t h e  g r e a s e  t o  water washout.  

A t  t h e  s p e c i f i e d  test 

P r e c i s i o n :  

R e p r o d u c i b i l i t y :  R e s u l t s  should  n o t  d i f f e r  by more t h a n  2 
10% g r e a s e  washout. 
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16. Oxidation S t a b i l i t y  of Lubr ica t ing  Greases (Oxygen Bomb) 

Spec i f i ca t ion :  Federa l  T e s t  Method Standard No. 791a, Method 
3453.1, ASTM D-942-50, I n s t i t u t e  of Petroleum, 
IP  142164 

This  method desc r ibes  t h e  test f o r  determining t h e  r e s i s t a n c e  of 
l u b r i c a t i n g  g reases  t o  ox ida t ion  when s t o r e d  under s ta t ic  cond i t ions  f o r  
long per iods  of t i m e ,  as, f o r  i n s t ance ,  t h i n  coa t ings  on a n t i f r i c t i o n  bear- 
i ngs  and on motor p a r t s ,  etc. 

Samples of t h e  g rease  are p laced  i n  a s t anda rd  oxygen bomb and t h e  
bomb is  hea ted  t o  99OC (210OF) and f i l l e d  wi th  oxygen a t  7.58 x lo5 N/m2 
(110 p s i ) .  
mined by t h e  corresponding decrease  i n  oxygen pressure .  S p e c i f i c a t i o n s  
are usua l ly  given i n  t e r m s  of p re s su re  drop i n  p s i  o r  N/m2 a t  one o r  more 
time i n t e r v a l s ,  f o r  i n s t ance  a f t e r  100 h r . ,  200 hr . ,  etc. 

The degree of ox ida t ion  a f t e r  a given per iod  of t i m e  is de ter -  

P rec i s ion :  Resul t s  should no t  d i f f e r  from t h e  mean by more than 
t h e  fol lowing amounts. 

P re s su re  Drop R e p e a t i b i l i t y  Rgpr oduc i b i l i  t y  
S I  (English) S I  (Engl ish)  S I  (Eng 1 i s h )  
- N/m2 ( p s i )  N/m2 (PS i) - N/m2 (Ps i )  

o - 3.48 104 ( 0  -5) 6,895 (1) 20,685 (3)  
3.48 x 104 - 6.89 x l o 4  (5 - 10) 13,790 (2) 27,580 (4) 
6.89 x 104 - 13.79 x 104 (10 - 20) 20,685 (3) 41,370 (6) 

13.79 104 - 37.9 x 104 (20  - 55) 34,475 (5) 68 , 950 (10) 

17. Channeling Characteris tics 

Spec i f i ca t ion :  Federal  T e s t  Method Standard No. 791a, Method 
3456 

This  method is  used f o r  determining t h e  Channeling c h a r a c t e r i s t i c s  
of l u b r i c a n t s  a t  low temperature.  

A 650 m l .  sample is  placed i n  a round con ta ine r  and cooled t o  t h e  
s p e c i f i e d  temperature  f o r  2 18 h r .  A channel is then  c u t  through the  sample 
and observa t ions  made t o  determine i f  t h e  sample flows back t o  completely 
cover t h e  bottom of t he  conta iner  i n  10 sec. I f  i t  has,  i t  is repor ted  as 
nonchanneling; i f  no t ,  i t  is repor t ed  as channeling. 
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18. Rust Prevent ive P rope r t i e s  of Lubr ica t ing  Greases 

Spec i f i ca t ions :  Federa l  T e s t  Method Standard No. 791a, Method 
4012, ASTM D-1743-60T 

This method desc r ibes  a test  f o r  determining t h e  co r ros ion  pre-  
ven t ive  p r o p e r t i e s  of  c r e a s e s ,  us ing  grease  l u b r i c a t e d  tapered r o l l e r  
bear ings  s t o r e d  under wct condi t ions .  

Clean new bear ings  are lub r i ca t ed ,  then run  under a l i g h t  t h r u s t  
load f o r  60 sec.  s o  as t o  d i s t r i b u t e  the  l u b r i c a n t  i n  a p a t t e r n  t h a t  might 
be found i n  so rv icc ,  The bear ings  are then s t o r e d  f o r  2 weeks a t  25°C 
(77°F) and 100% r e l a t i v e  humidity. Af t e r  c l ean ing , the  bear ings  a r e  in-  
spected €or  evidence of corrosion.  
2 ,  o r  3 ,  w i t h  1 being  no observable  corrosion.  

Resul t s  are r epor t ed  a s  r a t i n g s  of  1, 

Prec is ion:  Repea tab i l i t y  may be judged by the f a c t  t h a t  99% of 
r e s u l t s  o5i:Ti-pd by 26) l a b s ,  wi th  10 samples, w e r e  i n  agreement. Repro- 
d u c i 5 i l i t y  may b e  judgrd by the  f a c t  t h a t  t h e  20 l abs  matched t h e  con- 
census a t  l ias t  34.: cf t!ie t i m e  on t h e  seven samples wi th  good o r  bcd pro- 
t e c t i o n ,  b u t  only 44'7, of thc  t i m e  on t h e  t h r e c  :;-imples wi th  marginal  p ro t ec t ions .  

19. Corrosiveness c f  G:-lTasc:. ( C o p ~ c r  S t r i p  100°C: (212°F)) 

Spec i f i ca t ion :  Federa l  Test  Method Standard No. 791a, Method 
5309 e 3 

grease  a t  
This method i s  used t o  de t e rn ine  the  co r ros ive  p r o p e r t i e s  o f  
e l eva ted  temperatures.  

g rease  a t  
are v i s u a  

A prepared copper s t r i p  i s  p a r t i a l l y  immersed i n  a sample  of t hc  
100°C (212°F) €or  24 hr ,  and then t h e  s t r i p  and the  sample O E  g , ~ c ' g ~ r  

ly inspec ted  €or any change i n  co lo r  of spccimcn o r  o the r  evidc-cc 
of cor ros ion .  The s t r i p  i s  f u r t h e r  examined under a microscope of approxl- 
mately 60 diameter magni f ica t ion  and any co r ros ion  descr ibed.  
c o l o r  i n  the  grease  i s  a l s o  reported.  

Any green 

20. Rust P ro tec t ion  by Metal Preservatives i n  the  Humidity Cabinet 

Spec i f i ca t ion :  Federal  Tes t  Method Standard No.  791a, Method 5310.1 
ASlM D-1748-62T 

This  method i s  used f o r  eva lua t ing  t h e  r u s t  p reven ta t ive  p r o p e r t i e s  
of method p rese rva t ives  under condi t ions  of high humidity. 
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Cold ro l led  steel tes t  panels (SAE 1010, 2 x 4 x 1/8 in.) are 
prepared t o  a prescribed surface f in i sh ,  dipped i n  the tes t  preventative, 
allowed t o  drain,  and then suspended i n  a humidity cabinet a t  49°C (120°F) 
for  a specified number of hours. The preventative o i l  f a i l s  or  passes the 
test according t o  the s i z e  and number of r u s t  dots on the test  surface of 
the panels as follows: 

Pass - not more than three dots of r u s t ,  none larger  than 

F a i l  - four o r  more r u s t  dots ,  or  one la rger  than 1.0 nun. i n  
1.0 nun. i n  diameter. 

d i m e  ter . 
21. Corrosiveness of Greases (Oxygen Bomb Copper S t r ip)  

Specification: Federal Test Method Standard No. 791a, Method 
5314.1, ASTM D-1261-55 

This method describes the test fo r  determining the e f f ec t  of 
grease on copper parts of bearing assemblies with which the grease comes 
i n  contact. Although t e s t  procedure i s  not intended as a s t a b i l i t y  t e s t  
of grease, some indication of the s t a b i l i t y  of greases i n  storage i n  con- 
t a c t  with copper may be found by v isua l  inspection o f  the grease a t  the 
end of the test ,  

A prepared copper s t r i p  is  p a r t i a l l y  immersed i n  a sample of 
grease and heated t o  99OC (210°F) i n  a bomb f i l l e d  with oxygen a t  7.58 x 
lo5 N/m2 (110 psi)  for  20 hr.  
examined for  evidence of discolorat ion,  etching and corrosion. The examina- 
t i on  is  made by comparison with reference s t r i p s  mutually approved by 
purchaser and seller. 

The copper  s t r i p  i s  removed, washed, and 

22. Cycling Performance Test of Grease 

Specification: Federal T e s t  Method Standard No. 791a, Method 5413 

This method i s  used fo r  providing an indicat ion of the s u i t a b i l i t y  
of a grease fo r  use i n  pneumatic systems between rubber and m e t a l  parts.  

Three O-rings are placed i n  a standard pis ton and cylinder cycling 
system and lubricated with a sample of the grease. The assembled piston 
i s  then stored a t  14°C (58°F) for  14 days t o  "age" the  grease, The aged 
pis ton and cylinder are then connected t o  a cycling r ing  under pneumatic 
pressure of 9.65 - 11.01 x lo6 N/m2 (1,400-1,600 psi)  and cycled a t  36 cpm 
f o r  50,000 cycles with a 1.397 x10-1m. (5-1/2 in.) stroke,  cyclinder tempera- 
t u re  controlled a t  52°C (125OF). 
surfaces,  O-rings and lubricant are examined. 

The setup is  then disassembled and bearing 
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23. Resistance of Grease t o  Fuel 

Specification: Federal Test Method Standard No. 791a, Method 
5414.2 

This method i s  used for  determining the resis tance of grease t o  
the  solvent act ion of fuel .  It consis ts  of determining the so lub i l i t y  of 
the  grease i n  a standard test  f l u i d  (1 /2  hr. shaker cycle with MIL-S-3136, 
Type I1 f lu id ) ,  and observing the physical changes caused by an 8-hr. im- 
mersion i n  the t e s t  f l u i d  25°C (77°F). The so lub i l i t y  i s  reported as per- 
cent weight l o s s  of the grease specimen. 
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